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© Automatic exposure control with regard to backlight 



© An automatic exposure control apparatus includes an image frame luminance calculation unit for calculating 
an average luminance of an image frame; a region luminance calculation unit for calculating average luminances 
of a plurality of regions, the plurality of regions constituting the image frame; a select region luminance 
calculation unit for arranging the average luminances obtained by the region luminance calculation unit in the 
luminance order, for selecting at least one of the plurality of regions according to the luminance order and for 
calculating an average luminance selected from at least one of the plurality of regions; a backlight degree 
^ calculation unit for calculating a value representing a backlight degree based on the average luminance obtained 
§ by the select region luminance calculation unit; a target luminance calculation unit for calculating the target 
J) average luminance based on the value; and an exposure correction unit for correcting an exposure so that the 
^ average luminance obtained by the image frame luminance calculation unit is kept substantially equal to the 
target average luminance. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

5 The present invention relates to an automatic exposure control apparatus used for correcting the 

exposure in a video camera or the like. 

2. Description of the Related Art: 

io An automatic exposure control apparatus used for a video camera or the like regulates a diaphragm so 
as to obtain a constant level of an output video signal. The following methods are used for the purpose of 
regulating a diaphragm: an average value method, a peak value method, and a combination thereof. 
According to the average value method, an average luminance of an image frame is detected; and 
according to the peak value method, the maximum luminance of an image frame is detected. 

75 Hereinafter, a conventional automatic exposure control apparatus will be described in detail with 

reference to Figure 62. 

An image of an object is formed on a pickup element 103 via a lens 101 and a diaphragm 102. The 
pickup element 103 converts the image into an electric signal. The electric signal is subjected to a y 
treatment while passing through a signal processing circuit 105 and is output therefrom. At this time, a 
20 diaphragm control is performed by using the electric signal from the pickup element 103 as follows: 

An average value calculation circuit 107 and a peak value calculation circuit 108 respectively detect an 
average luminance and a peak luminance of an image frame. A diaphragm control circuit 109 drives the 
diaphragm 102 based on the results obtained from the average value calculation circuit 107 and the peak 
value calculation circuit 108. 

25 However, according to the average value method, in the case of a large luminance distribution in an 
image frame, e.g., in the case where a human figure is picked up as an object with a bright sky for the 
background, a backlight phenomenon is caused. The reason for this is as follows: 

The average of a luminance distribution of the human figure is lower than the average luminance of the 
entire image frame. Accordingly, the video signal which corresponds to the human figure occupies a lower 

30 part of a distribution of the video signal corresponding to the image frame, resulting in a black reproduced 
image of the human figure. 

In order to avoid the above-mentioned phenomenon, it is required to make the luminance distribution of 
the video signals corresponding to an image of an object (the human figure in this case) present at a higher 
level than an average luminance of an image frame. For example, an image quality in a backlight state can 

35 be improved by correcting the diaphragm in an opening direction so as to keep the video signals 
corresponding to the image of the object at a higher level. 

The following method has been considered to provide a diaphragm control at a predetermined control 
amount: An input switching which is manually switched by a user is provided with the diaphragm drive 
circuit 109. When the user operates the input switch in a backlighting condition, the input switch supplies a 

40 switch signal to the diaphragm control circuit 109. 

However, according to this configuration, a misoperation by the user may cause an improper diaphragm 
control. In addition, since the control amount of a diaphragm is predetermined, it is impossible to provide a 
proper diaphragm control depending on individual images under various conditions. In order to overcome 
these problems, it is required to automatically judge whether an object is under a backlight condition or not, 

45 and to correct the diaphragm control in accordance with the strength of the backlight. 

For example, Japanese Laid-Open Patent Publication No. 2-18578 discloses an automatic diaphragm 
apparatus. According to the apparatus, a luminance of the region where the object is supposed to be 
present (e.g. a central portion of an image frame) and a luminance of the remaining portion of the image 
frame are measured. Based on the difference between these luminances, it is judged whether the object is 

so under a backlight condition or not. The correction of the diaphragm control is made according to the 
backlight condition. 

The diaphragm control regarding the conventional apparatus mentioned above will be described with 
reference to Figure 63. 

First and second detectors 113 and 114 detect the level of each output signal having data with respect 
55 to a first region (central region of an image frame) and a second region (peripheral region thereof) (see 
Figure 64), output from the pickup element. The signals output from the first and second detectors 113 and 
114 enter a comparator 123 through amplifiers 121 and 122. In the comparator 123, the levels of the first 
and second regions are compared with each other in order to determine the degree of backlight Assuming 
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that the output signals from the first and second detectors 113 and 114 are x and y, respectively; and 
amplification degrees of the amplifiers 121 and 122 are m and n, it is judged that a forward light state is 
obtained in the case of (x-m)^(yn), and a backlight state is obtained in the case of (x*m)<(yn). 

A first gate portion 110, a second gate portion 111, and a third gate portion 112 detect the level of each 

5 output signal having data with respect to regions ti , fc, and as shown in Figure 65. The respective output 
signals pass through gain control units 115, 117, and 119 so as to be integrated at an adding unit 124. The 
amplification degree of the first, second, and third gain control units 115, 117, and 119 are regulated by a 
first, second, and third control units 116, 118, and 120 which receive information with respect to the 
determined degree of backlight from the comparator 123. A diaphragm control circuit 109 performs a 

w diaphragm control so as to keep the output signal from the adding unit 124 at a predetermined level. 

When the object is in a frontlight state, the difference in luminance level between the first (central) 
region and the second (peripheral) region in Figure 64 is small. Accordingly, the comparator 123 determines 
that it is in a frontlight state. The first, second, and third control units 116, 118, and 120 set gains G1, G2, 
and G3 in the gain control units 115, 117, and 119 as G1>G2>G3. Here, G1 is slightly larger than G2 and 

15 G3. Thus, a diaphragm control, which is close to the conventional photometry method (i.e., average 
luminance of an image frame is made constant), is performed. 

On the other hand, when the object is in a backlight state, the first region becomes darker than the 
second region. Accordingly, the comparator 123 determines that it is in a backlight state. The first, second, 
third control units 116, 118, and 120 set the gains G1, G2, and G3 as G1»G2>G3. Here, G1 is remarkably 

20 larger than G2 and G3. This means that the gain of the first region is larger than that of the second region, 
and therefore the luminance of the first region is measured with emphasis. As a result, it is possible to 
perform a diaphragm control suitable for the backlight condition. 

However, in the case of the above-mentioned diaphragm control, the output levels of the respective 
central region and the peripheral region are averaged, even though an image with high contrast is input in 

25 an image frame. Therefore, the actual contrast cannot be measured. Namely, the output levels of the central 
region and the peripheral region change depending on the difference of the spatial distribution of an image 
luminance; as a result, most video signals are saturated due to overcorrection, or an image which is desired 
to be further corrected cannot be done so appropriately. In addition, since the degree of backlight changes 
depending on the change of luminance of the central region of an image frame, the exposure correction 

30 amount may change in accordance with the movement of an object. 

SUMMARY OF THE INVENTION 

The automatic exposure control apparatus of this invention, includes a image frame luminance 
35 calculation unit for calculating an average luminance of an image frame; a region luminance calculation unit 
for calculating average luminances of a plurality of regions, the plurality of regions constituting the image 
frame; a select region luminance calculation unit for arranging the average luminances obtained by the 
region luminance calculation unit in the luminance order, for selecting at least one of the plurality of regions 
according to the luminance order, and for calculating an average luminance of the selected at least one of 
40 the plurality of regions; a backlight degree calculation unit for calculating a value representing a backlight 
degree based on the average luminance obtained by the select region luminance calculation unit; a target 
luminance for an exposure correction calculation unit for calculating a target average luminance based on 
the value; and an exposure correction unit for correcting an exposure so that the average luminance 
obtained by the image frame luminance calculation unit is kept substantially equal to the target average 
45 luminance. 

In another aspect of the present invention, an automatic exposure control apparatus includes a state 
judgment unit for judging whether an image frame is in a backlight state or in an excessive frontlight state; 
an image frame luminance calculation unit for calculating an average luminance of the image frame; a 
region luminance calculation unit for calculating average luminances of a plurality of regions, the plurality of 

so regions constituting the image frame; a first select region luminance calculation unit for arranging the 
average luminances obtained by the region luminance calculation unit in the luminance c>rder, for selecting 
at least one of the plurality of regions according to the luminance order, and for calculating an average 
luminance of those selected from at least one of the plurality of regions; a second select region luminance 
calculation unit for arranging the average luminances obtained by the region luminance calculation unit in 

55 the luminance order, for selecting at least another one of the plurality of regions according to the luminance 
order, and for calculating an average luminance of the selected at least another one of the plurality of 
regions; a backlight degree calculation unit for calculating the first value representing a backlight degree 
based on the average luminance obtained by the first select region luminance calculation unit; an excessive 
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frontlight degree calculation unit for calculating the second value representing an excessive frontlight degree 
based on the average luminance obtained by the second select region luminance calculation unit; a 
correction amount determination unit for determining the correction amount based on the judgment result 
by the state judgment unit, the first value and the second value; a target luminance calculation unit for 

5 calculating the target average luminance based on the correction amount; and an exposure correction unit 
for correcting an exposure so that the average luminance obtained by the image frame luminance 
calculation unit is kept substantially equal to the target average luminance. 

According to the present invention, an image frame is divided into a plurality of small regions. An 
average luminance of each small region is obtained, and an average value of low luminance regions is 

io calculated, whereby the degree of backlight under an automatic exposure control is quantitatively obtained. 

In addition, a plurality of average values of the low luminance regions are obtained, whereby the 
correction amount of a diaphragm in accordance with the darkness and size of the low luminance regions 
can be obtained. 

Moreover, the judgment between the backlight and the excessive frontlight is made by comparing 
75 luminance of the upper region with that of the lower region, and a correction amount of the diaphragm is 

adjusted. The control level of the diaphragm is appropriately changed in accordance with the lighting 

condition on the basis of the correction amount of the diaphragm. 

Furthermore, a dark region which is part of the lower region is added to the upper region, and the dark 

region is removed from the lower region. In this way, the increase of an average luminance of the first 
20 region and the decrease of an average luminance of the second region due to the movement of an object is 

suppressed, whereby misjudgments caused by the movement of the object can be avoided. As a result, an 

appropriate exposure for any object which moves up and down in an excessive frontlight condition can be 

obtained. 

Thus, the invention described herein makes possible the advantage of providing an automatic exposure 
25 control apparatus which is capable of judging a lighting condition of an object and determining the 
appropriate exposure for the object. 

This and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram showing an automatic exposure control apparatus of Example 1 according 
to the present invention. 

Figure 2 shows an image frame divided into small regions. 
35 Figure 3 is a graph showing a luminance order characteristic curve. 

Figures 4A through 4C show backlight images; and Figures 4D through 4F are graphs showing 
luminance order characteristic curves of the respective backlight images. 

Figure 5 is a block diagram showing an automatic exposure control apparatus of Example 2 according 
to the present invention. 
40 Figure 6 is a graph showing a luminance characteristic curve. 
Figure 7 is a view illustrating a linear multiple function. 
Figure 8 is another view illustrating a linear multiple function. 
Figure 9 is still another view illustrating a linear multiple function. 

Figure 10 is a block diagram showing an automatic exposure control apparatus of Example 3 according 
45 to the present invention. 

Figures 11A and 11B show an image frame divided into two regions and that divided into small regions. 
Figure 12 is a graph showing a luminance order characteristic curve. 

Figure 13 is a view illustrating backlight and excessive frontlight based on a luminance ratio between 
the upper and lower regions of an image frame, 
so Figure 14 is a block diagram showing an automatic exposure control apparatus of Example 4 according 
to the present invention. 

Figure 15A shows an excessive frontlight image in which an object is present at a central position D of 
an image frame together with luminance at each position. 

Figure 1 5B shows an excessive frontlight image in which an object is present at a top end position T of 
55 the image frame together with luminance at each position. 

Figure 15C shows changes of an average luminance of the upper and lower regions while the object 
moves from the central position D to the top end position T. 
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Figure 16 is a block diagram showing an automatic exposure control apparatus of Example 5 according 
to the present invention. 

Figure 17 shows an image frame divided into an upper region, a right region, a left region, and a lower 
central region. 

5 Figure 18A shows an excessive frontlight image in which an object is present at a central position D of 

an image frame together with luminance at each position. 

Figure 18B shows an excessive frontlight image in which an object is present at a top end position T of 
the image frame together with luminance at each position. 

Figure 18C is a graph showing changes of an average luminance of the first and second regions while 
10 the object moves from the central position D to the top end position T 

Figure 19A is a backlight image in which an object is present at a central position C together with 
luminance at each position. 

Figure 19B is a backlight image in which the object moves from a right position R to a left position L 
together with luminance at each position. 
75 Figure 19C is a graph showing changes of an average luminance of the first and second regions while 

the object moves the right position R to the left position L. 

Figure 20A shows a backlight image in which an object is present on the right side of an image frame 
together with luminance at each position. 

Figure 20B shows a backlight image in which the object is present on the right side of the image frame 
20 and a dark substance is present on the left side thereof together with luminance at each position. 

Figure 20C is a graph showing changes of an average luminance of the first and second regions while 
the object is present on the right side of the image frame and the dark substance moves from the left side 
of the image frame to a boundary position L thereof. 

Figure 20D is a graph showing changes of an average luminance of the first and second regions while 
25 the object is present on the right side of the image frame and the dark substance moves from the left side 
of the image frame to the boundary position L thereof. 

Figure 21 is a block diagram showing an automatic exposure control apparatus of Example 6 according 
to the present invention- 
Figure 22 shows an image frame divided into an upper region and a lower region. 
30 Figure 23A shows an excessive frontlight image in which an object is present at a central position D of 
an image frame together with luminance at each position. 

Figure 23B shows an excessive frontlight image in which an object is present at the top end position T 
of the image frame together with luminance at each position. 

Figure 23C is a graph showing changes of an average luminance of the first and second regions, and 
35 the upper and lower regions while the object moves from the central position D to the top end position T. 

Figure 24A shows a backlight image in which an object is present at a central position C of an image 
frame together with luminance of each position. 

Figure 24B shows a backlight image in which an object moves from a right position R of an image 
frame to a left position L thereof together with luminance of each position. 
40 Figure 24C is a graph showing changes of an average luminance of the first and second regions, and 
the upper and lower regions while the object moves the right position R to the left position L 

Figure 25A shows a backlight image in which an object is present on the right side of an image frame 
together with luminance at each position. 

Figure 25B shows a backlight image in which the object is present on the right side of the image frame 
45 and a dark substance is present on the left side thereof together with luminance at each position. 

Figure 25C is a graph showing changes of an average luminance of the first and second regions, and 
upper and lower regions while the object is present on the right side of the image frame and the dark 
substance moves from the left side of the image frame to a boundary position L thereof. 

Figure 26A shows an excessive frontlight image in which an object is present on the right side of an 
so image frame together with luminance at each position. 

Figure 26B shows an excessive frontlight image in which the object is present on the right side of the 
image frame and a bright substance is present in the left side thereof. 

Figure 26C is a graph showing changes of an average luminance of the first and second regions, and 
the upper and lower regions while the object is present on the right side of the image frame and the bright 
55 substance moves from the left side of the image frame to a boundary position L thereof. 

Figure 27A shows an excessive frontlight image divided into a bright area and a dark area together with 
luminance at each position. 
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Figure 27B is a graph showing the relationship between the luminance and the respective regions of 
Figure 27 A. 

Figure 28 is an image frame divided into an upper region, a right region, a left region, and a lower 
central region. 

5 Figure 29 is a block diagram showing an automatic exposure control apparatus of Example 7 according 

to the present invention. 

Figure 30 is a diagram illustrating the position of each small region of an image frame. 

Figures 31 A and 31 B show an average luminance of each small region when the same image in which 
the central region is bright is taken under different diaphragm states. 
' io Ftgures 32A and 32B show an average luminance of each small region by using two values, when the 
same image in which the central region is bright is taken under different diaphragm states. (An average 
luminance of each small region is represented by using two values, based on an average luminance of an 
image frame as a threshold value.) 

Figure 33 is a diagram showing a predetermined luminance distribution. 
75 Figures 34A and 34B are diagrams showing the respective luminance distributions in image frames 

having a bright central region. 

Figure 35A shows an excessive frontlight image in which an object is present at a central position D of 
an image frame together with luminance at each position. 

Figure 35B shows an excessive frontlight image in which the object is present at the top end position T 
20 of the image frame together with luminance at each position. 

Figures 35C is a graph showing the correlation value while the object moves from the central position D 
to the top end position T as shown in Figures 35A and 35B. 

Figure 35D is a graph showing changes of an average luminance of the first and second regions while 
the object moves from the central position D to the top end position T as shown in Figures 35A and 35B. 
25 Figure 36A shows a backlight image in which an object is present at a central position C together with 
luminance at each position. 

Figure 36B shows a backlight image in which an object moves from a right position R of the image 
frame to a tefkpositioivL thereof together with luminance at each position. 

Figure 36C is a graph showing a change of a correlation value while the object moves from the right 
30 position R to the left position L. 

Figure 36D is a graph showing changes of an average luminance of the first and second regions while 
the object moves the right position R to the left position L. 

Figure 37 is a block diagram showing an automatic exposure control apparatus of Example 8 according 
to the present invention. 

35 Figure 38 shows an image frame divided into an upper region, a right region, a left region, and a lower 
central region. 

Figure 39 is an image frame divided into a central region and a peripheral region. 

Figure 40 is a graph showing the relationship between the correction amount (of the difference of an 
average luminance between the first and second regions) and the difference q of an average luminance 
40 (between the central region and the image frame). 

Figure 41 is a graph showing the conversion from the luminance difference p' obtained by correcting 
the difference of an average luminance between the first and second regions with the correction amount 
into the correction amount calculation gain g. 

Figure 42A is an excessive frontlight image in which the central area is bright and the area excluding 
45 the central area is dark. 

Figure 42B is a diagram showing the luminance of each region shown in Figure 42A. 

Figure 43A shows an excessive frontlight image in which an object is present at a central position D of 
an image frame together with luminance at each position. 

Figure 43B shows an excessive frontlight image in which an object is present at a top end position T of 
so the image frame together with luminance at each position. 

Figure 43C shows changes of an average luminance of the central region, an average luminance of the 
image frame, and a correction amount while the object moves from the central position D to the top end 
position T as shown in Figures 43A and 43B. 

Figure 43D shows changes of an average luminance of the first region, an average luminance of the 
55 second region, and a corrected average luminance of the first region while the object moves from the 
central region D to the top end T. 

Figure 44A shows a backlight image in which an object is present at a central position C of an image 
frame together with luminance at each position. 
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Figure 44B shows a backlight image in which an object moves from a right position R of the image 
frame to a left position L thereof together with luminance of each position. 

Figure 44C shows changes of an average luminance of the central region, an average luminance of the 
image frame, and a correction amount while the object moves the right position R to the left position L as 
5 shown in Figures 44A and 44B. 

Figure 44D shows changes of an average luminance of the first region, an average luminance of the 
second region, and a corrected average luminance of the first region while the object moves from the right 
position R to the left position L as shown in Figures 44A and 44B. 

Figure 45A is an excessive frontlight image in which the right half area is bright and the left half area is 
w dark. 

Figure 45B is a diagram showing luminance of each region shown in Figure 45A. 

Figure 46 is a block diagram showing an automatic exposure control apparatus of Example 9 according 
to the present invention. 

Figure 47 is an image frame divided into an upper region, a right region, a left region, and a lower 
75 central region- 
Figure 48 is an image frame divided into an upper region, a right region, a left region, and a lower 
central region. 

Figure 49 is a graph showing an spectral distribution of an optical source having a color temperature in 
the range of 3000 K to 10000 K. 
20 Figure 50 is a graph showing the relationship between the amount of infrared rays and the color 
temperature. 

Figure 51 is a graph showing the conversion from the difference pi of an average luminance between 
the first and second regions or the difference P2 of an average luminance between the third and forth 
regions into the correction amount calculation gain g. 
25 Figure 52 is a block diagram showing an automatic exposure control apparatus of Example 10 
according to the present invention. 

Figure 53 is a block diagram showing an automatic exposure control, apparatus of Example 11 
according to the present invention. 

Figure 54 is a graph showing the sensitivity of a three primary color filter. 
30 Figure 55 is block diagram showing an automatic exposure control apparatus of Example 12 according 
to the present invention. 

Figure 56 is a graph showing the relationship between the color difference and the color temperature. 

Figure 57 is a block diagram showing an automatic exposure control apparatus of Examples 13 to 15 
according to the present invention. 
35 Figure 58 is a block diagram showing an automatic exposure control apparatus of Example 16 
according to the present invention. 

Figure 59 is an image frame divided into upper and lower regions. 

Figure 60 is a graph illustrating the judgment between the backlight and the excessive frontlight, based 
on the luminance difference. 
40 Figure 61 is a luminance order characteristic curve. 

Figure 62 is a block diagram showing a conventional automatic exposure control apparatus. 

Figure 63 is a block diagram showing a conventional automatic exposure control apparatus. 

Figure 64 is an image frame divided into a two regions for illustrating the conventional automatic 
exposure control apparatus. 

45 Figure 65 is an image frame divided into three regions for illustrating the conventional automatic 
exposure control apparatus. 

DESCRIPTION OF THE PREFERRED ENBODIMENTS 

so Hereinafter, the present invention will be described by way of illustrating examples with reference to the 
drawings. 

Examples 

55 Example 1 



Figure 1 shows an example of an automatic exposure control apparatus according to the present 
invention. An image of an object is formed on a pickup element 3 through a lens 1 and a diaphragm 2, and 
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is converted into an electric signal. The signal is amplified by an amplifier 4. Then, the signal is subjected 
to a 7 treatment while passing through a signal processing circuit 5 and is transmitted to a video signal 
output terminal 6. At this time, a diaphragm control is performed based on the signal obtained from the 
pickup element 3 as follows: 

An image frame luminance average calculation unit 7 calculates an average luminance Yall of an image 
frame, based on the signal from the pickup element 3. A diaphragm control unit 8 compares the average 
luminance Yall with a target luminance value Yall 1 obtained by a target luminance calculation unit 9, and 
controls the diaphragm opening or closing so that the difference between the average luminance Yall and 
the target luminance Yall* is made 0, whereby the average luminance Yall is kept substantially equal to the 
target luminance Yall\ For example, when a dynamic range of the pickup element 3 is 0 to 255 (8-bit 
information), the target luminance Yall 1 is set at 127 (central value) in an ordinary exposure control. 

An image frame is divided into a plurality of small regions. For example, the image frame 13 is divided 
into 100 small regions 14 (10 divisions in a vertical direction and 10 divisions in a horizontal direction) as in 
Figure 2. The average luminance of a small region is represented by an average luminance of pixels 
included in the small region. Thus, the apparent number of pixels (the number of small regions) is 100. 

A small region luminance average calculation unit 10 calculates the average luminance for each small 
region based on the signal from the pickup element 3. 

Next, a low luminance average calculation unit 11 arranges an average luminance of each small region 
in a luminance order as shown in Figure 3. This is called a luminance order characteristic. In Figure 3, a 
vertical axis represents luminance and a horizontal axis represents the numbering of each small region 
(pixel number) arranged in order of low luminance. Thus, the luminance shows a monotone increase 
characteristic. 

An average value of low luminance regions (i.e., an average luminance in certain pixel ranges, e.g., 
pixel number 1 to N) as shown in Figure 3 is a parameter representing the degree of backlight. The 
principle of this will be described. 

When very bright regions are present in an image frame, the aperture opening is made small in order to 
make an average' luminance 127. As a result, in regions other than the very bright regions, luminance 
becomes very kw F and the image frame is divided into bright regions and dark regions. The case in which 
an object is present in the dark regions under this condition corresponds to a backlight state. Figures 4A 
through 4F are examples showing the degree of backlight. In the respective figures, a shaded portion 
corresponds to a dark region. In Figure 4A, a region with a luminance of 0 occupies half of an image frame, 
and the remaining region has a luminance of 255. Thus, an average luminance becomes 127. A luminance 
order characteristic is as shown in Figure 4D. Figure 4B shows an image under a weak backlight state, in 
which a quarter of an image frame is dark. An average value of low luminance regions (an average 
luminance of regions whose pixel numbers are 1 to 30) is larger than that of Figure 4A. In Figure 4A, an 
average value of low luminance regions is 0. Figure 4C shows an image in a frontlight state. An average 
value of low luminance regions in Figure 4F is larger than that of Figure 4E. Thus, the degree of backlight 
which a human being feels can be represented by an average value of low luminance regions. More 
specifically, as an average value of low luminance regions is smaller, higher degree of backlight is obtained. 

An average value of low luminance regions is obtained by calculating an average value from the lowest 
luminance (luminance at the 1st pixel) to luminance at the Nth pixel, using the following Formula (1). Here, 
the numbering of pixels is arranged in the order of the lowest luminance to the highest luminance. 

N 

V - Ev(l)/N ... (1 ) 
1-1 

where V is an average value of low luminance regions, v(i) is a luminance level at the ith pixel, and N is a 
pixel number. 

A backlight degree calculation unit 12 calculates the degree of backlight by applying a gain to the 
average value of low luminance regions V, using the following Formula (2). 

u = k * (cl - V) (2) 

where u = 0 in the case of cl - V < 0; u is the degree of backlight; k is a gain; and cl is a constant value. 
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The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
for each vertical scanning (frame or field), based on the degree of backlight u obtained by the backlight 
degree calculation unit 12. Specifically, the target luminance calculation unit 9 calculates the target 
luminance Yair by the following Formula (3). 

5 

Yair = Yinit * (I + u) (3) 

where Yinit is an initial target luminance. 

The diaphragm control unit 8 regulates the diaphragm so that the average luminance Yall is kept at the 
10 target luminance Yall*. When the average value of low luminance regions is small, u has a value of 0 or 
more and the target luminance Yair becomes high. As a result, the diaphragm is opened so that the person 
can become easy to observe a region having too low luminance to be observed. 

As described above, according to the present example, the degree of backlight is determined based on 
an average value of low luminance regions, whereby a stable backlight correction suitable for a human 
75 being's feeling can be performed. 

Example 2 

Figure 5 is a second example of an automatic exposure control apparatus according to the present 
20 invention. The same reference numerals as those of Example 1 are marked for the same components as 
those of Example 1 . The same components as those of Example 1 function in the same way as in Example 
1. The difference between Example 1 and Example 2 is in that a low luminance average calculation unit 15 
and a backlight degree calculation unit 16 are provided in Example 2 instead of the low luminance average 
calculation unit 11 and the backlight degree calculation unit 12 in Example 1. 
25 The function of the low luminance average calculation unit 15 will be described with reference to Figure 
6. 

The low luminance average calculation unit 15 calculates a plurality of overage values of low luminance 
regions in the same way as the low luminance average calculation unit 11 of Example 1. Average values in 
ranges (a) and (b) are and e2, respectively. The degree of backlight is obtained by using the average 
30 values ei and e2. Thus, an average luminance of dark regions can be made a characteristic amount for 
calculating the degree of backlight by using a plurality of average values of low luminance regions. More 
specifically, when both of the average values ei and e2 are low, an exposure control for strong backlight is 
performed; and only when the average value ei is low, an exposure control for weak backlight is performed. 
Next, a method for obtaining the degree of backlight, based on the average values ei and e2, by using 
35 fuzzy inference will be described. Assuming that inputs are ei and e2, and the degree of backlight is u, a 
control rule of simplified fuzzy inference is represented, for example, as follows: 

If ei is PB and e2 is NS, then u is f f . 
where positive big (PB) and negative small (NS) are fuzzy variables; and fj is a real number. 

When input data (ei \ e2 f ) is input, the following conclusion is obtained from the abovementioned rule. 

40 

Ui(fi) - Up B (er)*u NS (e2 , )A1 (4) 
where A is min operation. 

Since there are a plurality of control rules, the final degree of backlight u r obtained by integrating the 
45 results of the Formula (4) is as follows: 

*pl< £ i>-*± 
u r * ... (5) 

50 L lil< f ±) 



Ichibashi et at. have already reported that the above-mentioned simplified fuzzy inference becomes a 
linear multiple function (Ichibashi et al., "Learning Control by Fuzzy Models Using a Simplified Fuzzy 
55 Reasoning Nippon fuzzy society report, Vol. 2, No. 3, pp. 429-437). A method of inference based on the 
linear multiple function is suitable for a real time control due to its low cost of calculation. 

According to the linear multiple function, the degree of backlight is obtained by inserting the real 
number fj. Figure 7 shows four points on an input space (ei , e2) and a real number for each point. Here, the 
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real number fj is represented by f(x p , y„). The inference result u, is obtained by using a real number for four 
points, employing the Formula (5) as follows: 

I£ *p * e i < x p+i' yq s e 2 < y q +i' 

then, u r - x * y * f(Xp +1 , y q+1 ) 

+ (l-x> * y * f(x p , y q+1 ) ... (6) 

+ x * <l-y) * f(x p+1 , y q ) 
■* (1-x) * (1-y) * f(x p/ y q ) 

where 

x = <ei - x p )/(x p+1 - x p ) 
y = <e 2 - y q )/(y q +i - y q ) 

As shown in Figure 8, a linear multiple function can be formed by connecting the space inserted by the 
four points mentioned above. The degree of backlight u r suitable for various images can be obtained as a 
non-linear amount by successively determining a real number f(x p , y q ) from an image under a backlight 
state. Figure 9 shows an example in which the degree of backlight is represented by the linear multiple 
function. When both of ei and es become low values, the degree of backlight is increased in a non-linear 
manner. 

The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
for each vertical scanning (frame or field), based on the degree of backlight u r obtained by the backlight 
degree calculation unit 16. Specifically, the target luminance calculation unit 9 calculates the target 
luminance Yair by the following Formula (7) in the same way as in the Formula (3). 

Yair = Yinit * (I + u r ) (7) 

where Yinit is an initial target luminance. 

As described above, according to the present example, a plurality of average values of low luminance 
regions are obtained, and degrees of backlight are integrated by the fuzzy inference or the linear multiple 
function, whereby a stable backlight correction suitable for a human being's feeling can be performed. 

Example 3 

Figure 10 is a third example of an automatic exposure control apparatus according to the present 
invention. The same reference numerals as those of Example 1 are marked for the same components as 
those of Example 1. The same components as those of Example 1 function in the same way as in Example 
1. 

The image frame luminance average calculation unit 7 calculates an average luminance Yall of an 
image frame, based on the signal from the pickup element 3. The diaphragm control unit 8 compares the 
average luminance Yall with a target luminance Yair obtained by the target luminance calculation unit 9, and 
controls the diaphragm to be opened or closed so that the difference between the average luminance Yall 
and the target luminance Yair is made 0, whereby the average luminance Yall is kept substantially equal to 
the target luminance Yair. For example, in the case where a dynamic range of the pickup element 3 is 0 to 
255 (8-bit information), the target luminance Yair is set at 127 (central value) in the ordinary exposure 
control. 

An image frame is divided into an upper region and a lower region as shown in Figure 11 A. An 
upper/lower regions luminance average comparison unit 17 calculates an average luminance of the upper 
and lower regions of the image frame, based on a signal from the pickup element 3. 

The image frame is also divided into a plurality of small regions. For example, the image frame is 
divided into 80 small regions (8 divisions in a vertical direction and 10 divisions in a horizontal direction) as 
shown in Figure 11B. A small region luminance average calculation unit 18 calculates an average luminance 
of each small region of the image frame. The luminance of a small region is represented by an average 
luminance of pixels included in the small region. Thus, the apparent number of pixels is 80. 
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The degree of backlight is obtained in the same way as in Example 2. A low luminance average 
calculation unit 19 arranges each average luminance of each small region in the order of low luminance as 
shown in Figure 6, and calculates an average value of low luminance regions. Next, a backlight degree 
calculating unit 20 calculates a backlight degree u r by fuzzy inference or a linear multiple function. 
5 The degree of excessive frontlight is obtained by using a luminance order characteristic. As shown in 

Figure 12 and the following Formula (8), a high luminance average calculation unit 21 calculates an average 
value from the Mth pixel to the highest luminance. 



w 



80 

£v(i)/(80 - M) 
i-M 



. (8) 



15 where 03 is an average value of high luminance regions, v(i) is a luminance level of the ith pixel from the 
lowest luminance level, and M is a pixel number. 

An excessive frontlight degree calculation unit 22 calculates an excessive frontlight degree w r by 
converting e3 by the use of a linear multiple function and the like. 

A degree determination unit 23 determines a final correction amount, based on the backlight degree u r 

20 and the excessive frontlight degree w r . The degree determination unit 23 judges whether the image frame is 
in a backlight state or in an excessive frontlight state, based on a luminance difference between the upper 
region and the lower region of an image frame. Specifically, the degree determination unit 23 calculates the 
luminance difference by the following Formula (9), and converts the luminance difference into a real value g 
within an interval [-1, 1]. Figure 13 shows a conversion diagram from the luminance difference to the real 

25 value g. 

Luminance difference = (Average luminance of upper re gion) - (Average luminance of lower region) (9) 
A correction amount z is obtained by the following Formula (10). 

30 

If g S 0, then z = w r * g 

If g > 0, thenz = u r * g (10) 

When a camera direction or luminance of an image frame are greatly changed, the luminance 
35 difference between the upper and lower regions is changed. Therefore, even though the luminance 
difference between the upper and lower regions is changed, an image which is hardly seen cannot be 
obtained. Thus, the luminance difference between the upper and lower regions can be used to judge 
whether the image frame is in a backlight state or in an excessive frontlight state. 

The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
40 for each vertical scanning (frame or field), based on the correction amount z obtained by the degree 
determination unit 23. Specifically, the target luminance calculation unit 9 calculates the target luminance 
YalP by the following Formula (11). 

Yair = Yinit*(1 + z) (11) 

45 

where Yinit is an initial target luminance. 

The diaphragm control unit 8 regulates a diaphragm so that the average luminance Yall is kept at the 
above-mentioned target luminance Yair. When the upper region of an image frame is brighter than the 
lower region thereof, the image frame is judged to be in a backlight state. Then, a correction is made based 
50 on the degree of backlight. In contrast, when the upper region is darker than the lower region, the image 
frame is judged to be in an excessive frontlight state. Then, a correction is made based on the degree of 
excessive frontlight. 

As described above, according to the present example, the degree of backlight is obtained based on an 
average value of low luminance regions and the degree of excessive frontlight is obtained based on an 
55 average value of high luminance regions. Each degree is selectively regulated in accordance with results 
obtained by comparing the average luminance of the upper region with that of the lower region, whereby a 
stable correction suitable for a human being's feeling can be performed. 
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In the present example, the judgment whether it is in a backlight state or in a excessive frontlight state 
is made based on the luminance difference. It is apparent that the same effects can be obtained even if the 
ratio between the average luminance of the upper region and the average luminance of the lower region is 
used instead of the luminance difference. 

5 

Example 4 

Figure 14 shows a forth example of an automatic exposure control apparatus according to the present 
invention. The reference numerals of Example 4 are marked for the same components as those of Example 

w 3. The same components as those of Example 4 function in the same way as in Example 3. The difference 
between Examples 3 and 4 is in the functions of the high luminance average calculation unit 21 and the 
excessive frontlight degree calculation unit 22. In the present example, a low luminance average calculation 
unit 24 and an excessive frontlight degree calculation unit 25 are provided instead of the high luminance 
average calculation unit 21 and the excessive frontlight degree calculation unit 22. 

rs In the case where there are a great number of low luminance regions in an image frame, there are a 
few high luminance regions in the image frame. Accordingly, such an situation may be considered to be in 
an excessive frontlight state. The excessive frontlight degree is obtained in the same way as in the 
backlight degree. The low luminance average calculation unit 19 arranges respective average luminances of 
each small region in the increasing order of the low luminance as shown in Figure 6, and calculates an 

20 average value of low luminance regions. Then, an excessive frontlight degree calculation unit 25 calculates 
the degree of excessive frontlight by the use of fuzzy inference or a linear multiple function. The degree 
determination unit 23 determines a final correction amount based on the backlight degree and the excessive 
frontlight degree. 

As described above, according to the present example, the degrees of backlight and excessive 
25 frontlight are obtained based on an average value of low luminance regions. Bach degree is selectively 
regulated in accordance with results obtained by comparing the average luminance of the upper region with 
that of the lower region, whereby a stable correction suitable for a human being's feeling can be performed. 

In the present example^ ^judgment as to whether it is in a backlight state or in a excessive frontlight 
state is made based on the luminance difference. It is apparent that the same effects can be obtained even 
30 if the ratio between the average luminance of the upper region and the average luminance of the lower 
region is used instead of the luminance difference. 

Example 5 

35 Hereinafter, a fifth example of the present invention will be described. The present example has an 
additional objective of preventing a misjudgment with respect to an excessive frontlight image where an 
object moves up and down. 

As shown in Figures 15A and 15B, there has been a problem in that the misjudgment mentioned above 
causes the saturation of the luminance of the object, resulting in forming a white image of the object. 

40 Figures 15A and 15B show excessive frontlight images where an object moves up and down; and Figure 
15C shows changes of an average luminance 141 of an upper region 71 and an average luminance 142 of a 
lower region 72 when the object moves up and down. Here, the position of the object is represented by a 
head top 31 thereof. 

When the object stays at the position D, the average luminance 141 is lower than the average 
45 luminance 142, as shown in Figure 15C. Therefore, the judgement that the image frame is in an excessive 
frontlight state is made. This is a correct judgement. However, when the object moves from the position D 
to the position T, the average luminance 141 becomes higher than the average luminance 142. This is the 
reason why the misiudgement occurs. To avoid such a misjudgement, improvements will be described 
below. 

so Figure 16 is a fifth example of an automatic exposure control apparatus according to the present 
invention. The same reference numerals as those of the previous examples are marked for the same 
components as those of the preceding ones. The same components as those of the preceding examples 
function in the same way as those of the preceding examples. 

An image of an object is formed on the pickup element 3 through the lens 1 and the diaphragm 2, and 

55 is converted to an electric signal. The signal is amplified by the amplifier 4. Then, the signal is subjected to 
a y treatment while passing through the signal processing circuit 5 and is transmitted to the video signal 
output terminal 6. At this time, a diaphragm control is performed based on the signal obtained from the 
pickup element 3 as follows: 
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An image frame luminance average calculation unit 7 calculates an average luminance of an image 
frame, based on the signal from the pickup element 3. The diaphragm control unit 8 compares the average 
luminance with a target luminance obtained by the target luminance calculation unit 9, and controls the 
diaphragm to be opened or closed so that the difference between the average luminance and the target 
5 luminance is made 0, whereby the average luminance is kept substantially equal to the target luminance. 

A small region luminance average calculation unit 10 calculates an average luminance in each of a 
plurality of small regions based on the signal from the pickup element 3 so as to obtain a luminance order 
characteristic of the luminance levels. 

The degree calculation unit 27 calculates an average value of low luminance regions from the 
10 luminance order characteristic. The average luminance of low luminance regions is converted into, a non- 
linear manner by fuzzy inference or the like, whereby a backlight degree u r representing the degree of 
backlight of a pickup image is calculated. In addition, an average luminance of high luminance regions is 
calculated from the luminance order characteristic, and the average luminance is converted in a non-linear 
manner by fuzzy inference, whereby an excessive frontlight degree w r is calculated. 
75 The image frame is divided into a lower central region 210, an upper region 220, a left region 230, and 
right region 240 as shown in Figure 17. 

Now, we introduce the following definitions: 
(1) A region X is one of the left region 230 and the right region 240, which has a lower average 
luminance than the other. 

20 (2) A region Y is one of the left region 230 and the right region 240, which has a higher average 
luminance than the other. 

(3) A first region is a combination of the region X with the upper region 220. 

(4) A second region is a combination of the region Y with the lower central region 210. 

A first/second regions luminance average comparison unit 26 calculates an average luminance of each 
25 region, and a difference p between an average luminance of the second region and an average luminance 
of the first region. The degrees of backlight and excessive frontlight, and the difference p are transmitted to 
a correction amount calculation unit 28. 

The correction amount calculation unit 28 judges the image frame to be in a backlight state in the case 
where the average luminance of the first region is higher than that of the second region, and judges the 
30 image frame to be in an excessive frontlight state in the case where the average luminance of the first 
region is lower than that of the second region. These judgments are based on the tendency that an image 
frame is likely to be in a backlight state when an upper region of the image frame is brighter than the lower 
region thereof, and that the image frame is likely to be in an excessive frontlight state otherwise. In addition, 
the correction amount calculation unit 28 converts the luminance difference p into a gain g used for 
35 calculating the correction amount z as shown in Figure 13. A correction amount z is calculated by the 
following Formula (12), based on the backlight degree u r , the excessive frontlight degree w r , the gain g and 
the result of the judgment between the backlight and the excessive frontlight. 

If p ^ 0, then excessive frontlight, z = g * w r 
40 If p > 0, then backlight z = g * u r (12) 

The relationship between the respective average luminances of the first and second regions obtained 
by the first/second regions luminance average comparison unit 26 and the movement of an object will be 
described in detail with reference to Figures 18A to 18C, 19A to 19C and 20A to 20D. 

45 Figures 18A and 18B show excessive frontlight images in the case where an object moves up and 
down; and Figure 18C shows changes of an average luminance 32 of the first region and of an average 
luminance 33 of the second region. Here, the position of the object is represented by the head top 311 
thereof. As shown in Figure 18C, the average luminance 32 of the first region does not exceed the average 
luminance 33 of the second region, while the object moves from a central position D to a top end position 

so T. Thus, a misjudgment is not made with respect to the excessive frontlight image where an object moves 
up and down, so that neither the gain g nor the correction amount z do not change. 

Hereinafter, a correction amount z with respect to a backlight image in which an object moves from side 
to side; and a correction amount z with respect to a backlight image in which an object is present on the 
right side of an image frame and a dark substance gets in and out of the left side thereof will be described. 

55 Figures 19A and 19B show backlight images where an object moves from side to side; and Figure 19C 
shows changes of an average luminance 32 of the first region and an average luminance 33 of the second 
region while the object moves from a right position R to a left position L. As shown in Figure 19C, while the 
object moves from the right position R to the left position L, the average luminance 33 of the second region 
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does not exceed the average luminance 32 of the first region. 

Figures 20A and 20B show backlight images where an object is present on the right side of an image 
" frame and a dark substance gets in and out of the left side thereof; and Figure 20C shows changes of an 
average luminance 32 of the first region and an average luminance 33 of the second region. Here, the 

5 position of the substance is represented by a right end 51 thereof. As shown in Figure 20C, while the 
substance moves from the left end of the image frame to the boundary L of the left region 230 and the 
lower central region 210, an average luminance 33 of the second region does not exceed an average 
luminance 32 of the first region. 

Thus, a misjudgment is not made with respect to a backlight image where an object moves from side to 

70 side and with respect to a backlight image where an object is present on the right side of the image frame 
and a dark substance gets in and out of the left side thereof. Therefore, for the same reasons as described 
above, neither the gain g nor the correction amount z change. 

Figure 20D shows changes of the average luminance 32 of the first region and the average luminance 
33 of the second region, with respect to a backlight image where an object is present on the right side of 

75 the image frame and a dark substance gets in and out of the left side thereof. In this case, an image frame 
is divided so that the sum of the vertical length of the right region and that of the upper region and the sum 
of the vertical length of the left region and that of the upper region respectively coincide with the vertical 
length of the image frame. As shown in Figure 20D, while the substance moves from the left end of the 
image frame to the boundary L of the left region 230 and the lower central region 210, the average 

20 luminance 32 of the first region exceeds the average luminance 33 of the second region. Thus, a 
misjudgment is made. However, when the image frame is divided so that the sum of the vertical length of 
the right region and that of the upper region and the sum of the vertical length of the left region and that of 
the upper region are respectively made smaller than the vertical length of the image frame, a misjudgment 
as described above is not made. Therefore, it is required that the image frame is divided so that the sum of 

25 the vertical length of the right and that of the upper region and the sum of the left region and that of the 
upper region are respectively made smaller than the vertical length of the image frame. 

The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
for each-vertical scanning, by adding the correction amount z obtained by the correction amount calculation 
unit 28 to a predetermined target luminance. The diaphragm control unit 8 regulates a diaphragm so that 

30 the average luminance of the image frame is kept substantially equal to the target value. 

As described above, an appropriate exposure of an object for a backlight image where an object moves 
from side to side and a backlight image where a dark substance gets in and out of one side of the image 
frame is obtained. 

In the present example, the judgment whether it is in a backlight state or in a excessive frontlight state 
35 is made based on the luminance difference. It is apparent that the same effects can be obtained even if the 
ratio between the average luminance of the upper region and the average luminance of the lower region is 
used instead of the luminance difference. 

Example 6 

40 

A sixth example of an automatic exposure control apparatus according to the present invention will be 
described with reference to Figure 21. The same reference numerals as those of Example 5 are marked for 
the same components as those of Example 5. The same components as those of Example 5 function in the 
same way as in Example 5. 

45 An image of an object is formed on the pickup element 3 through the lens 1 and the diaphragm 2, and 
is converted to an electric signal. The signal is amplified by the amplifier 4. Then, the signal is subjected to 
a y treatment while passing through the signal processing circuit 5 and is transmitted to the video signal 
output terminal 6. At this time, a diaphragm control is performed based on the signal obtained from the 
pickup element 3 as follows: 

so An image frame luminance average calculation unit 7 calculates an average luminance of an image 
frame, based on the signal from the pickup element 3. The diaphragm control unit 8 compares the average 
luminance with a target luminance value obtained by the target luminance calculation unit 9, and controls 
the diaphragm to be opened or closed so that the difference between the average luminance and the target 
luminance is made 0, whereby the average luminance is kept substantially equal to the target luminance. 

55 A small region luminance average calculation unit 10 calculates an average luminance in each of a 
plurality of small regions based on the signal from the pickup element 3 so as to obtain a luminance order 
characteristic of the luminance levels. 
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The degree calculation unit 27 calculates an average value of low luminance regions from the 
luminance order characteristic. The average luminance of low luminance regions is converted in a non-linear 
manner by fuzzy inference or the like, whereby a backlight degree u r representing the degree of backlight 
of a pickup image is calculated- In addition, an average luminance of high luminance regions is calculated 
5 from the luminance order characteristic, and the average luminance is converted in a non-linear manner by 
fuzzy inference, whereby an excessive frontlight degree w r is calculated. 

An image frame is divided into a lower central region 210, an upper region 220, a left region 230, and a 
right region 240 as shown in Figure 17. 

Now, we introduce the following definitions: 
w (1) A region X is one of the left region 230 and the right region 240, which has a lower average 
luminance than the other. 

(2) A region Y is one of the left region 230 and the right region 240, which has a higher average 
luminance than the other. 

(3) A first region is a combination of the region X with the upper region 220. 

15 (4) A second region is a combination of the region Y with the lower central region 210. 

The first/second regions luminance average comparison unit 26 calculates an average luminance of 
each region and a luminance ratio pi of an average luminance of the second region to that of the first 
region. 

A first judgment unit 61 judges whether the image frame is in a backlight state or in an excessive 
20 frontlight state, based on the luminance ratio pi obtained by the first/second regions luminance average 
comparison calculation unit 26 in the same way as in Example 5. A judgment value ji is determined by the 
following Formula (13): 

If pi ^ 1, then excessive frontlight, ji = 0 
25 If pi > 1 , then backlight, ji = 1 (13) 

where the judgment values are either 0 or 1; the judgment value 0 refers to excessive frontlight, and the 
judgment value 1 refers to backlight. 

A second judgment unit 62 divides an image frame into an upper region 71 and a lower region 72 as 
30 shown in Figure 22, and calculates an average luminance ratio P2 therebetween. The second judgment unit 
62 judges an image frame to be in a backlight state in the case where an average luminance of the upper 
region 71 is higher than that of the lower region 72; and judges the image frame to be in an excessive 
frontlight state in the case where an average luminance of the upper region 71 is lower than that of the 
lower region 72. A judgment value & is calculated by the following Formula (14). 

35 

If p2 £ 1 , then excessive frontlight, - 0 
If p 2 > 1, then backlight, j 2 = 1 (14) 

A correction amount calculation unit 63 calculates a correction amount zi, based on the backlight 
40 degree u r , the excessive frontlight degree w r , the judgment value ji , and the judgment value j2 by the 
following Formula (15). 

If ji * \2 = 0, then excessive frontlight, zi = -1 * w r 
If ji *j2 = 1, backlight, zi = u r (15) 

45 

As is understood the Formula (15), when either one of the judgment values ji or j 2 is 0, it is judged to 
be in an excessive frontlight state; and when both of the judgment values ji and \2 are 1, it is judged to be 
in a backlight state. 

The relationship between the movement of the object and the respective average luminances of the first 
so and second regions, and the upper and lower regions will be described with reference to Figures 23A to 
23C, 24A to 24C, 25A to 25C, and 26A to 26C. As described above, the respective average luminances of 
the first and second regions are obtained by the first/second regions luminance average comparison unit 26; 
and the respective average luminances of the upper and lower regions are obtained by the second 
judgment unit 62. 

55 Figures 23A and 23B show excessive frontlight images where an object moves up and down; and 
Figure 23C shows changes of an average luminance 32 of the first region, an average luminance 33 of the 
second region, an average luminance 81 of the upper region, and an average luminance 82 of the lower 
region, while the object moves from a central position D to a top end position T. Here, the position of the 
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object is represented by a head top 31 thereof. As shown in Figure 23C, while the object moves from the 
central position D to the top end position T, the average luminance 32 of the first region does not exceed 
the average luminance 33 of the second region. Therefore, a misjudgment is not made and a correction 
amount zi does not change. 

5 Hereinafter, a correction amount zi with respect to a backlight image where an object moves from side 

to side; a correction amount zi with respect to a backlight image where an object is present on the right 
side of an image frame and a dark substance gets in and out of the left side thereof; a correction amount zi 
with respect to a backlight image where an object is present on the right side of the image frame and a 
bright substance gets in and out of the right side thereof will be described. 

io Figures 24A and 24B show backlight images in the case where an object moves from side to side; and 
Figure 24C shows changes of an average luminance 32 of the first region, an average luminance 33 of the 
second region, an average luminance 81 of the upper region, and an average luminance 82 of the lower 
region, while the object moves from a right position R to a left position L. Here, the position of the object is 
represented by a head top 31 thereof. As shown in Figure 24C, while the object moves from the right 

75 position R to the left position L, the average luminance 32 of the first region and the average luminance 33 
of the second region do not change. Therefore, the correction amount zi does not change. 

Figures 25A and 25B show backlight images in the case where an object is present on the right side of 
an image frame and a dark substance gets in and out of the left side thereof; and Figure 25C shows 
changes of an average luminance 32 of the first region, an average luminance 33 of the second region, an 

20 average luminance 81 of the upper region, and an average luminance 82 of the lower region. Here, the 
position of the substance is represented by a right end 51 thereof. As shown in Figure 25C, while the 
substance moves from the left end of the image frame to the boundary L of the left region 230 and the 
lower central region 210. the average luminance 33 of the second region does not exceed the average 
luminance 32 of the first region; and the average luminance 82 of the lower region does not exceed the 

25 average luminance 81 of the upper region. Therefore, a misjudgment is not made, and the correction 
amount zi does not change. 

Figures 26A and 26B show excessive frontlight images in the case where an object is present on the 
right side at the image frame and a bright substance gets in and out of the left side thereof; and Figure 26C 
shows changes of an average luminance 32 of the first region, an average luminance 33 of the second 
■ " 30 region, an average luminance 81 of the upper region, and an average luminance 82 of the lower region. 
Here, the position of the substance is represented by a right end 121 thereof. As shown in. Figure 26C, 
while the substance moves from the left end of the image frame to the boundary L of the left region 230 
and the lower central region 21 0 t the average luminance 81 of the upper region does not exceed the 
average luminance 82 of the lower region. Thus, a misjudgment is not made, and the correction amount zi 

35 does not change. 

As described above, for the same reasons as described with reference to Figures 25A to 25C, a 
misjudgment is not made with respect to a backlight image where an object moves from side to side, a 
backlight image where an object is present on the right side of the image frame and a dark substance gets 
in and out of the left side thereof, and an excessive frontlight image where an object is present on the right 

40 side of the image frame and a bright substance gets in and out of the left side thereof. Thus, the correction 
amount zi does not change. 

The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
for each vertical scanning (frame or field), by adding the correction amount zi obtained by the correction 
amount calculation unit 63 to a predetermined target luminance. The diaphragm control unit 8 regulates a 

45 diaphragm so that the average luminance of the image frame is kept substantially equal to the target value. 

As described above, an appropriate exposure of an object for an excessive frontlight image where the 
object moves up and down, a backlight image where the object moves from side to side, a backlight image 
where a dark substance gets in and out of one side of the image frame, and a backlight image where a 
bright substance gets in and out of both sides of the image frame can be obtained. 

so In the present example, the judgment is made as to whether it is in a backlight state or in an excessive 
frontlight state is based on the luminance ratio. It is apparent that the same effects can be obtained even if 
the difference between the average luminance of the upper region and the average luminance of the lower 
region is used instead of the luminance ratio. 

55 Example 7 

A seventh example of the present invention will be described. The present example overcomes the 
following problem; An excessive frontlight image where a central region of an image frame is bright and a 
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lower region thereof is dark is misjudged to be in a backlight state and the luminance of a main object is 
saturated so as to become white. This phenomenon is often caused in the case where an outdoor scene is 
taken from an indoor side. 

Figure 27A shows an excessive frontlight image where a central region of an image frame is bright and 

5 the remaining region thereof is dark; and Figure 27B shows an average luminance of a lower central region 
210, an upper region 220, a left region 230, a right region 240, a first region and a second region, obtained 
by dividing the image frame as shown in Figure 28. Here, the first region corresponds to a combination of 
the left or right region which has a higher luminance and the upper region; and the second region 
corresponds to a combination of the left or right region which has a lower luminance and the lower region. 

10 As is understood from Figure 27B, since the average luminance of the first region is higher than that of 
the second region, the image frame is misjudged to be in a backlight state. 

The present example is one embodiment for overcoming this problem. Its objective is to provide an 
automatic exposure control apparatus which does not misjudge an excessive frontlight image where a 
central region of an image frame is bright and the remaining region thereof is dark. In addition, the 

is apparatus also does not misjudge a backlight image where an object moves from side to side and an 
excessive frontlight image where an object moves up and down. 

Figure 29 shows a seventh example of an automatic exposure control apparatus according to the 
present invention. The same reference numerals as those of the preceding examples are marked for the 
same components as those of the preceding examples. The same components as those of the preceding 

20 examples function in the same way as in the preceding examples. 

An image of an object is formed on the pickup element 3 through the lens 1 and the diaphragm 2, and 
is converted to an electric signal. The signal is amplified by the amplifier 4. Then, the signal is subjected to 
a -y treatment while passing through the signal processing circuit 5 and is transmitted to the video signal 
output terminal 6. At this time, a diaphragm control is conducted based on the signal obtained from the 

25 pickup element 3 as follows: 

An image frame luminance average calculation unit 7 calculates an average luminance of an image 
frame, based on the signal from the pickup element 3. The diaphragm control unit 8 compares the average 
luminance with a target luminance obtained by the target luminance calculation unit 9, and controls the 
diaphragm to be opened or closed so that the average luminance is kept substantially equal to the target 

30 luminance. 

A small region luminance average calculation unit 10 calculates an average luminance in each of a 
plurality of small regions based on the signal from the pickup element 3 so as to obtain a luminance order 
characteristic of the luminance levels. 

The degree calculation unit 27 calculates an average value of low luminance regions from the luminance 
35 order characteristic. The average luminance of low luminance regions is converted in a non-linear manner 
by fuzzy inference or the like, whereby a backlight degree u r representing the degree of backlight of a 
pickup image is calculated. In addition, an average luminance of high luminance regions is calculated from 
the luminance order characteristic, and the average luminance is converted in a non-linear manner by fuzzy 
inference, whereby an excessive frontlight degree w r is calculated. 
40 An image frame is divided into the lower central region 210, the upper region 220, the left region 230, 
and the right region 240 as shown in Figure 28. 

Now, we introduce the following definitions: 

(1) A region X is one of the left region 230 and the right region 240, which has a lower average 
luminance than the other. 

45 (2) A region Y is one of the left region 230 and the right region 240, which has a higher average 
luminance than the other. 

(3) A first region is a combination of the region Y with the upper region 220. 

(4) A second region is a combination of the region X with the lower central region 210. 

The first/second regions luminance average comparison unit 26 calculates an average luminance of 
so each region and a difference p of an average luminance between the first region and the second region. 

A correlation value calculation unit 29 calculates a correlation value E, based on an average luminance 
Sjj and a predetermined luminance distribution Vy of an excessive frontlight image where a predetermined 
central region is bright, using the following Formula (16). Here, the represents an average luminance of 
each small region of the image frame, which is normalized with an average luminance of the image frame. 
55 The Vjj represents a predetermined luminance of each small region of the image frame. The i and j of the 
Vy and Vy represent a position of a small region in the image frame as shown in Figure 30. 
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E - EI(S i: j - V ± j) 2 ... (16) 

5 

The normalization of an average luminance of each small region performed by the correlation value 
calculation unit 29 and the predetermined luminance distribution will be described in detail with reference to 
Figures 31 A, 31 B, 32A, 32B, 33, 34 A and 34B. 

Figures 31 A and 31 B show an average luminance of each small region and an average luminance of an 
io image frame in a case where a bright object positioned at a central region of the image frame is in an 
excessive frontlight state, but the bright object is taken with different diaphragm values. The image frame 
includes 25 small regions. 

The image frames of Figures 31A and 31B are in the same excessive frontlight state. Accordingly, 
these image frames should have the same correlation values. However, if the correlation values correspond- 

75 ing to the image frames of Figures 31A and 31B were calculated based on average luminances of small 
regions, the calculated correlation values would all be different from each other. This is because a 
predetermined luminance distribution used for calculating the correlation value is fixed, and the average 
luminance of each small region of the image frame of Figure 31 A is different from that of Figure 31 B when 
the object is taken with different diaphragm values. In order to make the average luminance of each small 

20 region of the image frame of Figure 31A equal to that of Figure 31B when the object is taken with different 
diaphragm values, the average luminance of each small region is normalized with an average luminance of 
the image frame, which will be described below. 

The average luminances of each small region of Figure 31 A and that of Figure 31 B are compared with 
an average luminance of an image frame. When an average luminance of a small region is larger than the 

25 average luminance of the image frame, the average luminance of the small region is made 1; and when an 
average luminance of a small region is smaller than the average luminance of the image frame, the average 
luminance of the small region is made to be 0. The resuits are shown in Figures 32A and 32B, respectively. 
As is understood from Figures 32A and 32B, the replacement of the average luminance of each small 
region into two values (either 0 or 1) by using the average luminance of the image frame as a threshold 

30 value causes the same luminance distribution even though the object is taken with different diaphragm 
values. 

Figure 33 shows a predetermined luminance distribution of an excessive frontlight image where a 
predetermined central region is bright. The reason why a vertical length of the predetermined luminance 
distribution is made smaller than that of an image frame is to distinguish an excessive frontlight image of 

35 Figure 34A from another excessive frontlight image of Figure 34B. 

It is apparent that the same effects as those of the above can be obtained even though a plurality of 
values are used for normalizing an average value of each small region instead of two values, using a 
luminance ratio and a luminance difference. 

The degrees of backlight and excessive frontlight, the average luminance difference, and the correlation 

40 value E are transmitted to the correction amount calculation unit 28. 

The correction amount calculation unit 28 compares the correlation value E with a threshold value «. 
When the correlation value E is smaller than the threshold value e, the image frame is judged to be in an 
excessive frontlight state, where a central region is bright, and the correction amount z is made the 
excessive frontlight degree w r . When the correlation value E is larger than the threshold value t, the 

45 following judgments are made using the average luminance difference p: In the case where an average 
luminance of the first region is higher than that of the second region, the image frame is judged to be in a 
backlight state, and in the case where an average luminance of the first region is lower than that of the 
second region, the image frame is judged to be in an excessive frontlight state. These judgments are made, 
taking advantage of the tendency where backlight is obtained when the upper region of the image frame is 

so brighter than the lower region thereof, and excessive frontlight is obtained when the upper region of the 
image frame is darker than the lower region thereof. In addition, the correction amount calculation unit 28 
converts the luminance difference p into a gain g used for calculating the correction amount as shown in 
Figure 13. Then, the correction amount z is calculated by the following Formula (17), based on the backlight 
degree u r , the excessive frontlight degree w r , the gain g, and the results of the judgment between the 

55 backlight and the excessive frontlight. 

If E £ € , then excessive frontlight, z = w r 

If E > t & p £ 0, then excessive frontlight, z = g * w r 
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If E > € & p > 0, then backlight, z = g * u r (17) 

Hereinafter, the relationship between the movement of an object and the respective average luminances 
of the first and second regions obtained by a first/second regions luminance average comparison unit 26 
5 will be described in detail with reference to Figures 35A to 35D and 36A to 36D. 

Figures 35A and 35B show excessive frontlight images in the case where an object moves up and 
down; Figure 35C shows a change of a correlation value 92 while the object moves from the central position 
D of the image frame to the top end position T thereof; and Figure 35D shows changes of an average 
luminance 83 of the first region and an average luminance 84 of the second region while the object moves 
10 from the central position D to the top end position T. Here, the position of the object is represented by the 
head top 91 thereof. 

As shown in Figure 35C, while the object moves from the central position D to the top end position T, 
the correlation value 92 becomes smaller than the threshold value When the correlation value 92 is equal 
to or less than the threshold value t, the image frame is judged to be in an excessive frontlight state, 
75 causing no problems. However, a problem arises when the correlation value 92 is larger than the threshold 
value 6. 

As shown in Figure 35D, in the case where the correlation value 92 is larger than the threshold value «, 
while the object moves from the central position D to the top end position T, the average luminance 83 of 
the first region is smaller than the average luminance 84 of the second region at all times, so that the image 

20 frame is judged to be in an excessive frontlight state, making no misjudgments. 

As described above, a misjudgment is not made with respect to the excessive frontlight image where 
the object moves up and down. Thus, neither the gain g nor the correction amount z change. 

Hereinafter, the correction amount z with respect to a backlight image where the object moves from 
side to side will be described. 

25 Figures 36A and 36B show backlight images where an object moves from side to side; Figure 36C 
shows a change of a correlation value 92 while the object moves from the right position R to the left position 
L; and Figure 36D shows changes of an average luminance 93 of the first region and an average luminance 
94 of the second regkm, -white- object moves from the right position R to the left position L. Here, the 
position of the object is represented by a head top 91 thereof. 

30 As shown in Figure 36C, while the object moves from the right position R to the left position L, the 
correlation value E is larger than the threshold value « at all times, so that the image frame is judged to be 
in a backlight or an excessive frontlight, based on an average luminance difference between the first and 
second regions. 

As shown in Figure 36D, while the object moves from the right position R to the left position L, the 
35 average luminance 93 of the first region is larger than the average luminance 94 of the second region at all 
times, so that the image frame is judged to be in a backlight state, making no misjudgments. 

As described above, no misjudgments are made with respect to a backlight image where an object 
moves from side to side. Thus, neither the gain g nor the correction amount z change. 

The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
40 for each vertical scanning (frame or field), by adding the correction amount z obtained by the correction 
amount calculation unit 28 to a predetermined target luminance. The diaphragm control unit 8 regulates a 
diaphragm so that the average luminance of the image frame is kept substantially equal to the target value. 

As described above, an appropriate exposure of an object for an excessive frontlight image where the 
central region of the image frame is bright and the remaining region thereof is dark, an excessive frontlight 
45 image where an object moves up and down, and a backlight image where an object moves from side to 
side can be obtained. 

It is apparent that the same effects can be obtained even though the comparison of the luminances by 
the first'second regions luminance average comparison unit 26 is performed by using a luminance ratio 
instead of a luminance difference. 

50 

Example 8 

The present example also overcomes the following problem; An excessive frontlight image where a 
central region of an image frame is bright and a lower region thereof is dark is misjudged to be in a 
55 backlight state and the luminance of a main object is saturated to become white. This phenomenon is often 
caused in the case where an outdoor scene is taken from an indoor site. 

Figure 37 shows an eighth example of an automatic exposure control apparatus according to the 
present invention. The same reference numerals as those of the preceding examples are marked for the 
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same components as those of the preceding examples. The same components as those of the preceding 
examples function in the same way as in the preceding examples. 

An image of an object is formed on the pickup element 3 through the lens 1 and the diaphragm 2, and 
is converted to an electric signal. The signal is amplified by the amplifier 4. Then, the signal is subjected to 
5 a 7 treatment while passing through the signal processing circuit 5 and is transmitted to the video signal 
output terminal 6. At this time, a diaphragm control is performed based on the signal obtained from the 
pickup element 3 as follows: 

An image frame luminance average calculation unit 7 calculates an average luminance of an image 
frame, based on the signal from the pickup element 3. The diaphragm control unit 8 compares the average 
ro luminance with a target luminance obtained by the target luminance calculation unit 9, and controls the 
diaphragm to be opened or closed so that the difference between the average luminance and the target 
luminance is made 0, whereby the average luminance is kept substantially equal to the target luminance. 

A small region luminance average calculation unit 10 calculates an average luminance of each of a 
plurality of small regions based on the signal from the pickup element 3 so as to a luminance order 
75 characteristic of the luminance levels. 

The degree calculation unit 27 calculates an average value of low luminance regions from the luminance 
order characteristic. The average luminance of low luminance regions is converted in a non-linear manner 
by fuzzy inference or the like, whereby a backlight degree u r representing the degree of backlight of a 
pickup Image is calculated. In addition, an average luminance of high luminance regions is calculated from 
20 the luminance order characteristic, and the average luminance is converted in a non-linear manner by fuzzy 
inference, whereby an excessive frontlight degree w r is calculated. 

An image frame is divided into a lower central region 210, an upper region 220, a left region 230, and a 
right region 240 as shown in Figure 38. 

Now, we introduce the following definitions: 
25 (1) A region X is one of the left region 230 and the right region 240, which has a lower average 
luminance than the other. 

(2) A region Y is one of the left region 230 and the right region 240. which has a higher , average 
luminance than the other. 

(3) A first region is a combination of the region Y with the upper region 220. 

3d (4) A second region is a combination of the region X with the lower central region 210. 

The first/second regions luminance average comparison unit 26 calculates an average luminance of 
each region and a difference p of an average luminance between the first and second regions. 

. Moreover, a comparison result correction unit 30 divides the image frame into a central region 3931 and 
a peripheral region 3932 as shown in Figure 39 and calculates an average luminance of each region, based 

35 on the signal from the pickup element 3. A difference q of an average luminance between the image frame 
and the central region 3931 (i.e., an average luminance of the central region 3931 - an average luminance of 
the image frame) is calculated, and the difference q of an average luminance is converted into a correction 
amount A for correcting a difference p of an average luminance between the first and second regions as 
shown in Figure 40. 

40 A corrected difference p' of an average luminance is calculated using the difference p of an average 
luminance and the correction amount A by the following Formula (18). 

p' = p-A (18) 

45 The degrees of backlight and excessive frontlight, and the corrected difference p' of an average 
luminance are transmitted to the correction amount calculation unit 28. 

The correction amount calculation unit 28 judges the image frame to be in a backlight state in the case 
where a value obtained by subtracting the correction amount A from the average luminance of the first 
region is larger than the average luminance of the second region, and judges the image frame to be in an 

so excessive frontlight state in the case where a value obtained by subtracting the correction amount A from 
the average luminance of the first region is smaller than the average luminance of the second region. These 
judgments are based on the tendency that an image frame is likely to be in a backlight state when the 
upper region of the image frame is brighter than the lower region thereof and that the image frame is likely 
to be in an excessive frontlight state when otherwise. In addition, the correction amount calculation unit 28 

55 converts the corrected average luminance difference p' into a gain g used for calculating a correction 
amount z as shown in Figure 41. Then, a correction amount z is calculated by the following Formula (19), 
based on the backlight degree u r , the excessive frontlight degree w r , the gain g, and the result of judgment 
between the backlight and the excessive frontlight. 
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If p' £ 0, then excessive frontlight, z = g * w r 
If p f > 0, then backlight, z = g " u r (19) 

5 The average luminance of the central region of an excessive frontlight image where the central region of 

an image frame is bright and the lower region thereof is dark, obtained by the comparison result correction 
unit 30; the average luminance of the image frame, the correction amount, and the respective average 
luminance of the first and second regions obtained by the first/second regions luminance average 
comparison unit 26 will be described with reference to Figures 42A and 42B. 

io Figure 42A shows an excessive frontlight image where the central region of the image frame is bright 
and the remaining region thereof is dark; and Figure 42B shows the average luminance of the central region 
of the image frame in Figure 42A, the average luminance of the image frame, the correction amount A, the 
average luminance of the first and second regions, and the value obtained by subtracting the correction 
amount A from the average luminance of the first region. 

75 As is understood from Figure 42B, the value obtained by subtracting the correction amount A from the 
average luminance of the first region is smaller than the average luminance of the second region. Because 
of this, no misjudgments are made with respect to the excessive frontlight image where the central region is 
bright and the lower region is dark. Thus, nether gain g nor the correction amount z change. 

Next, the relationship between the movement of an object, the average luminance of the central region, 

20 the average luminance of the image frame, and the correction amount; and those among the movement of 
an object, the average luminances of the first and second regions and the corrected average luminance of 
the first region will be described in detail with reference to Figures 43A to 43D, and 44A to 44D. 

Figures 43A and 43B show excessive frontlight images where an object moves up and down; Figure 
43C shows changes of an average luminance 172 of the central region of an image frame, an average 

25 luminance 73 of the image frame, and a correction amount 74; and Figure 43D shows changes of an 
average luminance 75 of the first region, an average luminance 76 of the second region, and a corrected 
average luminance 77 of the first region. Here, the position of the object is represented by a head top 91 
thereof. 

As shown in Figure 43D, while an object moves from the central position D of the image frame to the 
30 top end position T thereof, the corrected average luminance 77 of the first region is lower than the average 
luminance 76 of the second region at all times, so that the image frame is judged to be in an excessive 
frontlight state. Thus, no misjudgments are made with respect to the excessive frontlight image where the 
object moves up and down; as a result, neither gain g nor the correction amount z change. 

Figures 44A and 44B show backlight images in the case where an object moves from side to side; 
35 Figure 44C shows changes of an average luminance 182 of the central region, an average luminance 183 of 
an image frame, and a correction amount 184; and Figure 44D shows an average luminance 85 of the first 
region, an average luminance 86 of the second region, and a corrected average luminance 87 of the first 
region. Here, the position of the object is represented by a head top 91 thereof. 

As shown in Figure 44D, while the object moves from the right position R of the image frame to the left 
40 position L thereof, the corrected average luminance 87 of the first region is higher than the average 
luminance 86 of the second region at all times, so the image frame is judged to be in a backlight state. 
Thus, no misjudgments are made with respect to a backlight image where an object moves from side to 
side; as a result, neither gain g nor the correction amount z change. 

The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
45 for each vertical scanning (frame or field), by adding the correction amount z obtained by the correction 
amount calculation unit 28 to a predetermined target luminance. The diaphragm control unit 8 regulates a 
diaphragm so that the average luminance of the image frame is kept substantially equal to the target value. 

As described above, an appropriate exposure of an object for an excessive frontlight image where the 
central region of the image frame is bright and the lower region thereof is dark, an excessive frontlight 
so image where an object moves up and down, and a backlight image where an object moves from side to 
side can be obtained. 

Example 9 

55 A ninth example of the present invention will be described. The present example overcomes the 
following problem: When an object is irradiated with a spot light indoors (e.g., a wedding party), an 
excessive frontlight image where the right half of an image frame is bright and the left half thereof is dark is 
misjudged to be in a backlight state. As a result, the luminance of the object is saturated so as to become 
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white. 

Figure 45A shows an excessive frontlight image where a right half of an image frame is bright and the 
left half thereof is dark; and Figure 45B shows an average luminance of each region obtained by dividing 
the image frame shown in Figure 45A into an upper region, a lower central region, a right region, and a left 

5 region as shown in Figure 38, and an average luminance of the respective first and second regions. Here, 
the first region corresponds to a combination of either one of the right or left regions which has a higher 
luminance and the upper region; and the second region corresponds to a combination of either one of the 
right or left regions which has a lower luminance and the lower regFon. 

As is understood from Figure 45B, the average luminance of the first region is higher than that of the 

70 second region, so that the image frame is misjudged to be in a backlight state. 

If the image frame with a luminance distribution as shown in Figure 45A is judged to be in an excessive 
frontlight state, this problem can be overcome. However, outdoors, the bright region of the image frame of 
Figure 45A corresponds to a substance with a high luminance such as the sun; as a result, the image frame 
becomes a backlight state. Thus, a misjudgment is made. 

15 The present example overcomes the above-mentioned problem, and its objective is to provide an 
automatic exposure control apparatus which does not make a misjudgment with respect to an excessive 
frontlight image where indoors; the right half of an image frame is bright and the left half thereof is dark, and 
does not make a misjudgment with respect to a backlight image where outdoors, the right half of an image 
frame is bright and the left half thereof is dark. 

20 Figure 46 shows a ninth example of an automatic exposure control apparatus according to the present 
invention. The same reference numerals as those of the preceding examples are marked for the same 
components as those of the preceding examples. The same components as those of the preceding 
examples function in the same way as in the preceding examples. 

An image of an object is formed on the pickup element 3 through the lens 1 and the diaphragm 2, and 

- 25 is converted to an electric signal. The signal is amplified by the amplifier 4. Then, the signal is subjected to 
a -y treatment while passing through the signal processing circuit 5 and is transmitted to the video signal 
- output terminal 6. At this time, a diaphragm control is- performed based on the signal obtained from the 
pickup-element 3-as -follows: 

An image frame luminance average calculation unit 7 calculates an average luminance of an image 

30 frame, based on the signal from the pickup element 3. The diaphragm control unit 8 compares the average 
luminance with a target luminance obtained by the target luminance calculation unit 9, and controls the 
diaphragm to be opened or closed so that the difference between the average luminance and the target 
luminance is made to be 0, whereby the average luminance is kept substantially equal to the target 
luminance. 

35 A small region luminance average calculation unit 10 calculates an average luminance in each of a 
plurality of small regions based on the signal from the pickup element 3 so as to obtain a luminance order 
characteristic of the luminance levels. 

The degree calculation unit 27 calculates an average value of low luminance regions from the luminance 
order characteristic. The average luminance of low luminance regions is converted in a non-linear manner 
40 by fuzzy inference or the like, whereby a backlight degree u r representing the degree of backlight of a 
pickup image is calculated. In addition, an average luminance of high luminance regions is calculated from 
the luminance order characteristic, and the average luminance is converted in a non-linear manner by fuzzy 
inference, whereby an excessive frontlight degree w r is calculated. 

An image frame is divided into a lower central region 210, an upper region 220, a left region 230, and a 
45 right region 240 as shown in Figure 47 

Now, we introduce the following definitions: 

(1) A region X is one of the left region 230 and the right region 240, which has a lower average 
luminance than the other. 

(2) A region Y is one of the left region 230 and the right region 240, which has a higher average 
so luminance than the other. 

(3) A first region is a combination of the region Y with the upper region 220. 

(4) A second region is a combination of the region X with the lower central region 210. 

The first/second regions luminance average comparison unit 26 calculates an average luminance of 
each region and a difference pi of an average luminance between the first region and the second region. 
55 The image frame is also divided into a lower central region 310, an upper region 320, a left region 330, 
a right region 340, as shown in Figure 48. Now, we introduce the following definitions: 

(V) A region X* is one of the left region 330 and the right region 340, which has a lower average 
luminance than the other. 
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(2*) A region Y f is one of the left region 330 and the right region 340, which has a higher average 
luminance than the other. 

(3') A third region is a combination of the region X* with the upper region 320. 
(4*) A fourth region is a combination of the region V with the lower central region 310. 
5 A third/fourth regions luminance average comparison unit 315 calculates an average luminance of each 

region and a difference P2 of an average luminance between the third and forth regions. 

The infrared rays amount detection unit 140 detects infrared rays from a light source, and converts the 
detected infrared rays into an electric signal q in proportion to the amount of the detected infrared rays. An 
indoor/outdoor judgment unit 155 compares the electric signal q with a predetermined threshold value and 
w converts the electric signal q into a control signal r by the following Formula (20). 

If q ^ c , then the indoors r = 0 

If q > € , then the outdoors r = 1 (20) 

75 The principle of the judgment between the indoors and the outdoors by using the amount of infrared 
rays will be described. 

It is known that a color temperature of an indoor light source is different from that of an outdoor light 
source. The color temperature of an indoor light source such as a fluorescent light is generally in the range 
of 3000 to 3500 K; and the color temperature of an outdoor light source such as the sun is 3500 K or more. 

20 Figure 49 shows a spectral distribution in the case where the color temperature of an light source 
changes from 3000 K to 10000 K. Infrared rays have a wavelength longer than the wavelength represented 
by a broken line in Figure 49; and the amount of infrared rays corresponds to an area which is situated to 
the right side of the broken line. Figure 50 shows the relationship between the color temperature and the 
amount of infrared rays. As is understood from Figure 50, the judgment between the indoors and the 

25 outdoors is made possible by setting a threshold value €. 

The difference pi in an average luminance, the difference P2 in an average luminance, and the control 
signal r, and the degrees of backlight and excessive frontlight are transmitted to the correction amount 
calculation unrt 28. 

The correction amount calculation unit 28 selects the difference pi outdoors and selects the difference 
30 p2 indoors, according to the control signal r. These selections are based on the tendency that an image 
frame having a bright right half and a dark left half is likely to be in an excessive frontlight state indoors and 
the same image frame is likely to be in a backlight state outdoors. 

Moreover, the correction amount calculation unit 28 judges an image frame to be in a backlight state 
when the first or third region containing the upper region has an average luminance higher than that of the 
35 second or forth region containing the lower center region; and judges an image frame to be in an excessive 
frontlight state when the first or third region has an average luminance lower than that of the second or forth 
region. These judgments are based on the tendency that it is likely to be in a backlight state when the 
upper region is brighter than the lower region, and it is likely to be in an excessive frontlight state when the 
upper region is darker than the lower region. Moreover, the correction amount calculation unit 28 converts 
40 the difference pi or the difference D2 into a gain g used for calculating a correction amount as shown in 
Figure 51. Then, a correction amount z is calculated by the following Formula (21), based on the backlight 
degree u r , the excessive frontlight degree w r , the gain g, and the result of the judgment between the 
backlight and the excessive frontlight. 

45 If pi or p2 ^ 0, then excessive frontlight, z = g * w r 
If pi or p2 > 0, then backlight, z = g * u r (21) 

The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
for each vertical scanning (frame or field), by adding the correction amount z obtained by the correction 
so amount calculation unit 28 to a predetermined target luminance. The diaphragm control unit 8 regulates a 
diaphragm so that the average luminance of the image frame is kept substantially equal to the target value. 

As described above, an appropriate exposure of an object for an excessive frontlight image where the 
central region of the image frame is bright and the lower region thereof is dark, an excessive frontlight 
image where an object moves up and down, and a backlight image where an object moves from side to 
55 side can be obtained. 
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Example 10 

Figure 52 is a tenth example of an automatic exposure control apparatus according to the present 
invention. The present example overcomes the same problem as in Example 9. 

5 An image of an object is formed on the pickup element 3 through the lens 1 and the diaphragm 2, and 
is converted to an electric signal. The signal is amplified by the amplifier 4. Then, the signal is subjected to 
a y treatment while passing through the signal processing circuit 5 and is transmitted to the video signal 
output terminal 6. At this time, a diaphragm control is performed based on the signal obtained from the 
pickup element 3 as follows: 

w An image frame luminance average calculation unit 7 calculates an average luminance of an image 
frame, based on the signal from the pickup element 3. The diaphragm control unit 8 compares the average 
luminance with a target luminance value obtained by the target luminance calculation unit 9, and controls 
the diaphragm to be opened or closed so that the difference between the average luminance and the target 
luminance is made to be 0, whereby the average luminance is kept substantially equal to the target 

75 luminance. 

A small region luminance average calculation unit 10 calculates an average luminance in each of a 
plurality of small regions based on the signal from the pickup element 3 so as to obtain a luminance order 
characteristic of the luminance levels. 

The degree calculation unit 27 calculates an average value of low luminance regions from the luminance 
20 order characteristic. The average luminance of low luminance regions is converted in a non-linear manner 
by fuzzy inference or the like, whereby a backlight degree u r representing the degree of backlight of a 
pickup image is calculated. In addition, an average luminance of high luminance regions is calculated from 
the luminance order characteristic, and the average luminance is converted in a non-linear manner by fuzzy 
inference, whereby an excessive frontlight degree w r is calculated. 
25 An image frame is divided into the lower central region 210, the upper region 220, the left region 230, 
and the right region 240 as shown in Figure 47. 

Now, we introduce the following definitions: 

(ty A- region X is one of the left region 230 and the right region 240, which has a lower average 
luminance than the other. 

30 (2) A region Y is one of the left region 230 and the right region 240, which has a higher average 
luminance than the other. 

(3) A first region is a combination of the region Y with the upper region 220. 

(4) A second region is a combination of the region X with the lower central region 210. 

The first/second regions luminance average comparison unit 26 calculates an average luminance, of 
35 each region and a difference pi of an average luminance between the first region and the second region. 

The image frame is also divided into a lower central region 310, an upper region 320, a left region 330, 
a right region 340, as shown in Figure 48. Now, we introduce the following definitions: 

(1') A region X' is one of the left region 330 and the right region 340, which has a lower average 
luminance than the other. 

40 (2 f ) A region Y' is one of the left region 330 and the right region 340, which has a higher average 
luminance than the other. 

(3') A third region is a combination of the region X 1 with the upper region 320. 
(4 f ) A fourth region is a combination of the region Y' with the lower central region 310. 
A third/fourth regions luminance average comparison unit 315 calculates an average luminance of each 
45 region and a difference p2 of an average luminance between the third and forth regions. 

The indoor/outdoor judgment unit 34 calculates a control signal r by using the following Formula (22), 
based on the average luminance Yall of the image frame obtained by the image frame luminance average 
calculation unit 7 and a diaphragm value F obtained by the diaphragm control unit 8, where 7 is a 
predetermined threshold value. 

50 

If Yall/F £ 7 , then small amount of light = the indoors r = 0 

If Yall/F > 7 , then large amount of light = the outdoors r = 1 (22) 

The principle of the judgment between the indoors and the outdoors by using the average luminance 
55 Yall and the diaphragm value F will be described. 

The amount of light from an outdoor light source such as the sun is larger than the amount of light from 
an indoor light source such as a fluorescent light. Thus, the judgment between the indoors and the outdoors 
is made based on the amount of light which is inferred from the average luminance Yall and the diaphragm 
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value F. 

The relationship between an optical amount O, the diaphragm value F, and the average luminance Yall 
is represented as follows: 

5 O = Yall/F (23) 

Therefore, the judgment between the indoors and the outdoors is made possible by setting a threshold 
value -y. 

The difference pi of an average luminance, the difference p2 of an average luminance, the control 
w signal r, and the degrees of backlight and excessive frontlight are transmitted to the correction amount 
calculation unit 28. 

The correction amount calculation unit 28 selects the difference pi outdoors and selects the difference 
p2 indoors, according to the control signal r. These selections are based on the tendency that an image 
frame having a bright right half and a dark left half is likely to be in an excessive frontlight state indoors and 

75 the same image frame is likely to be in a backlight state outdoors. 

Moreover, the correction amount calculation unit 28 judges an image frame to be in a backlight state 
when the first or third region containing the upper region has an average luminance higher than that of the 
second or forth region containing the lower central region; and judges an image frame to be in an excessive 
frontlight state when the first or third region has an average luminance lower than that of the second or forth 

20 region. These judgments are based on the tendency that rt is likely to be in a backlight state when the 
upper region is brighter than the lower region, and that it is likely to be in an excessive frontlight state when 
the upper region is darker than the lower region. Moreover, the correction amount calculation unit 28 
converts the difference pi or the difference p2 into a gain g used for calculating a correction amount as 
shown in Figure 51. Then, a correction amount z is calculated by the Formula (21), based on the backlight 

25 degree u r , the excessive frontlight degree w r , the gain g, and the result of the judgment between the 
backlight and the excessive frontlight. 

The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
for each vertical scanning (frarne^or field), by adding the correction amount z obtained by the correction 
amount calculation unit 28 to a predetermined target luminance. The diaphragm control unit 8 regulates a 

30 diaphragm so that the average luminance of the image frame is kept substantially equal to the target value. 

As described above, an appropriate exposure of an object for an excessive frontlight image where the 
central region of the image frame is bright and the lower region thereof is dark, an excessive frontlight 
image where an object moves up and down, and a backlight image where an object moves from side to 
side can be obtained. 

35 

Example 1 1 

An eleventh example will be described. The present example overcomes the same problem as that of 
Example 10. Figure 53 shows an eleventh example of an automatic exposure control apparatus according to 
40 the present invention. 

An image of an object is formed on the pickup element 3 through the lens 1 and the diaphragm 2, and 
is converted to an electric signal. The signal is amplified by the amplifier 4. Then, the signal is subjected to 
a y treatment while passing through the signal processing circuit 5 and is transmitted to the video signal 
output terminal 6. At this time, a diaphragm control is performed based on the signal obtained from the 
45 pickup element 3 as follows: 

An image frame luminance average calculation unit 7 calculates an average luminance of an image 
frame, based on the signal from the pickup element 3. The diaphragm control unit 8 compares the average 
luminance with a target luminance obtained by the target luminance calculation unit 9, and controls the 
diaphragm to be opened or closed so that the difference between the average luminance and the target 
so luminance is made 0, whereby the average luminance is kept substantially equal to the target luminance. 

A small region luminance average calculation unit 10 calculates an average luminance in each of a 
plurality of small regions based on the signal from the pickup element 3 so as to obtain a luminance order 
characteristic of the luminance levels. 

The degree calculation unit 27 calculates an average value of low luminance regions from the luminance 
55 order characteristic. The average luminance of low luminance regions is converted in a non-linear manner 
by fuzzy inference or the like, whereby a backlight degree u r representing the degree of backlight of a 
pickup image is calculated. In addition, an average luminance of high luminance regions is calculated from 
the luminance order characteristic, and the average luminance is converted in a non-linear manner by fuzzy 
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inference, whereby an excessive frontlight degree w r is calculated. 

An image frame is divided into the lower central region 210, the upper region 220, the left region 230, 
and the right region 240 as shown in Figure 47. 
Now, we introduce the following definitions: 
5 (1) A region X is one of the left region 230 and the right region 240, which has a lower average 
luminance than the other. 

(2) A region Y is one of the left region 230 and the right region 240, which has a higher average 
luminance than the other. 

(3) A first region is a combination of the region Y with the upper region 220. 

io (4) A second region is a combination of the region X with the lower central region 210. 

The first/second regions luminance average comparison unit 26 calculates an average luminance of 
each region and a difference pi of an average luminance between the first region and the second region. 

The image frame is also divided into a lower central region 310, an upper region 320, a left region 330, 
a right region 340, as shown in Figure 48. Now, we introduce the following definitions: 
75 (V) A region X* is one of the left region 330 and the right region 340, which has a lower average 
luminance than the other. 

(2') A region Y f is one of the left region 330 and the right region 340, which has a higher average 
luminance than the other. 

(3') A third region is a combination of the region X 1 with the upper region 320. 
20 (4') A fourth region is a combination of the region Y' with the lower central region 310. 

A third/fourth regions luminance average comparison unit 315 calculates an average luminance of each 
region and a difference p2 of an average luminance between the third and forth regions. 

A color temperature calculation unit 815 detects lights from an light source through a primary color (red, 
blue and green) filter, and converts the lights into electric signals R, B, and G. The indoor/outdoor judgment 
25 unit 155 calculates a ratio among a red light, a blue light, and a green light, based on the electric signals R, 
B, and G. A control signal r is calculated from the ratio. 

The principle of the judgment between the indoors and the outdoors by using the ratio among the lights 
with three primary colors generated from the light source will be described. 

As described above, it is known that a color temperature of an indoor light source is different from that 
30 of an outdoor light source. The color temperature of an indoor light source such as a fluorescent light is 
generally in the range of 3000 to 3500 K; and the color temperature of an outdoor light source such as the 
sun is 3500 K or more. 

Figure 49 shows a spectral distribution in the case where the color temperature of an light source 
changes from 3000 K to 10000 K. Figure 54 shows a relationship between the light wavelength and the light 

35 transmittance of the three primary color filter. As is understood from Figures 49 and 54, a light detected by 
the color temperature calculation unit 815 through the filter corresponds to an area to the left side of the 
broken line of Figure 49. In addition, it is understood from Figure 49 that since the ratio among the three 
primary colors is different in accordance with the color temperature, the judgment between the indoors and 
the outdoors can be made from the ratio among the three primary colors. 

40 The difference pi of an average luminance, the difference & of an average luminance, and the control 
signal r, and the degrees of backlight and excessive frontlight are transmitted to the correction amount 
calculation unit 28. 

The correction amount calculation unit 28 selects the difference pi outdoors and selects the difference 
P2 indoors, according to the control signal r. These selections are based on a tendency that an image frame 

45 having a bright right half and a dark left half is likely to be in an excessive frontlight state indoors and the 
same image frame is likely to be in a backlight state outdoors. 

Moreover, the correction amount calculation unit 28 judges an image frame to be in a backlight state 
when the first or third region containing the upper region has an average luminance higher than that of the 
second or forth region containing the lower central region; and judges an image frame to be in an excessive 

so frontlight state when the first or third region has an average luminance lower than that of the second or forth 
region. These judgments are based on at tendency that it is likely to be in a backlight state when the upper 
region is brighter than the lower region, and that it is likely to be in an excessive frontlight when the upper 
region is darker than the lower region. Moreover, the correction amount calculation unit 28 converts the 
difference pi or the difference P2 into a gain g used for calculating a correction amount as shown in Figure 

55 51. Then, a correction amount z is calculated by the Formula (21), based on the backlight degree u r , the 
excessive frontlight degree w r , the gain g, and the result of the judgment between the backlight and the 
excessive frontlight. 
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The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
for each vertical scanning (frame or field), by adding the correction amount z obtained by the correction 
amount calculation unit 28 to a predetermined target luminance. The diaphragm control unit 8 regulates a 
diaphragm so that the average luminance of the image frame is kept substantially equal to the target value. 
5 As described above, an appropriate exposure of an object for an excessive frontlight image where the 

central region of the image frame in bright and the lower region thereof is dark, an excessive frontlight 
image where an object moves up and down, and a backlight image where an object moves from side to 
side can be obtained. 

w Example 12 

Figure 55 shows the twelfth example of an automatic exposure control apparatus according to the 
present invention. 

An image of an object is formed on the pickup element 3 through the lens 1 and the diaphragm 2, and 
76 is converted into an electric signal. The signal is amplified by the amplifier 4. Then, the signal is subjected 
to a 7 treatment while passing through the signal processing circuit 5 and is transmitted to the video signal 
output terminal 6. At this time, a diaphragm control is performed based on the signal obtained from the 
pickup element 3 as follows: 

An image frame luminance average calculation unit 7 calculates an average luminance of an image 
20 frame, based on the signal from the pickup element 3. The diaphragm control unit 8 compares the average 
luminance with a target luminance value obtained by the target luminance calculation unit 9, and controls 
the diaphragm to be opened or closed so that the difference between the average luminance and the target 
luminance is made 0, whereby the average luminance is kept substantially equal to the target luminance. 
A small region luminance average calculation unit 10 calculates an average luminance in each of a 
25 plurality of small regions based on the signal from the pickup element 3 so as to obtain a luminance order 
characteristic of the luminance levels. 

The degree calculation unit 27 calculates an average value of low luminance regions from the luminance 
order characteristic. The average kiminance of low luminance regions is converted in a non-linear manner 
by fuzzy inference or the like, whereby a backlight degree u r representing the degree of backlight of a 
30 pickup image is calculated. In addition, an average luminance of high luminance regions is calculated from 
the luminance order characteristic, and the average luminance is converted in a non-linear manner by fuzzy 
inference, whereby an excessive frontlight degree w r is calculated. 

An image frame is divided into the lower central region 210, the upper region 220, the left region 230, 
and the right region 240 as shown in Figure 47. 
35 Now, we introduce the following definitions: 

(1) A region X is one of the left region 230 and the right region 240, which has a lower average 
luminance than the other. 

(2) A region Y is one of the left region 230 and the right region 240, which has a higher average 
luminance than the other. 

40 (3) A first region is a combination of the region Y with the upper region 220. 

(4) A second region is a combination of the region X with the lower central region 210. 
The first/second regions luminance average comparison unit 26 calculates an average luminance of 
each region and a difference pi of an average luminance between the first and second regions. 

The image frame is also divided into a lower central region 310, an upper region 320, a left region 330, 
45 a right region 340, as shown in Figure 48. Now, we introduce the following definitions: 

(V) A region X* is one of the left region 330 and the right region 340, which has a lower average 
luminance than the other. 

(2') A region Y' is one of the left region 330 and the right region 340, which has a higher average 
luminance than the other, 
so (3') A third region is a combination of the region X 1 with the upper region 320. 

(4') A fourth region is a combination of the region Y' with the lower central region 310. 
A third/fourth regions luminance average comparison unit 315 calculates an average luminance of each 
region and a difference p2 of an average luminance between the third and forth regions. 

A color temperature calculation unit 1010 calculates an average of color difference (R-Y, B-Y) of an 
55 image frame and calculates a color temperature by using the relationship between the color temperature 
and the color difference in Figure 56. The indoor/outdoor judgment unit 155 calculates a control signal r 
corresponding to the indoors and the outdoors, based on the calculated color temperature. The color 
difference shown in Figure 56 is generally calculated in a video camera and the like for the purpose of 
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adjusting a white balance, and it is not required to modify the structure of a hardware. Thus, the effects of 
inferring the color temperature by using the color difference are great. 

The difference pi of an average luminance, the difference P2 of an average luminance, the control 
signal r, and the degrees of backlight and excessive frontlight are transmitted to the correction amount 
s calculation unit 28. 

The correction amount calculation unit 28 selects the difference pi outdoors and selects the difference 
P2 indoors, according to the control signal r. These selections are based on the tendency that an image 
frame having a bright right half and a dark left half is likely to be in an excessive frontlight state indoors and 
the same image frame is likely to be in a backlight state outdoors. 

10 Moreover, the correction amount calculation unit 28 judges an image frame to be in a backlight state 
when the first or third region containing the upper region has an average luminance higher than that of the 
second or forth region containing the lower central region; and judges an image frame to be in an excessive 
frontlight state when the first or third region has an average luminance lower than that of the second or forth 
region. These judgments are based on the tendency that it is likely to be in a backlight state when the 

75 upper region is brighter than the lower region, and that it is likely to be in an excessive frontlight state when 
the upper region is darker than the lower region. Moreover, the Correction amount calculation unit 28 
converts the difference pi or the difference p2 into a gain g used for calculating a correction amount as 
shown in Figure 51. Then, a correction amount z is calculated by the Formula (21), based on the backlight 
degree u r , the excessive frontlight degree w r , the gain g, and the result of the judgment between the 

20 backlight and the excessive frontlight. 

The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
for each vertical scanning (frame or field), by adding the correction amount z obtained by the correction 
amount calculation unit 28 to a predetermined target luminance. The diaphragm control unit 8 regulates a 
diaphragm so that the average luminance of the image frame is kept substantially equal to the target value. 

25 As described above, an appropriate exposure of an object for an excessive frontlight image where the 
central region of the image frame is bright and the lower region thereof is dark, an excessive frontlight 
image where an object moves up and down, and a backlight image where an object moves from side to 
side can be obtained. 

In the present example, the comparison of luminance by the first/second regions luminance average 
30 comparison unit 26 and the third/fourth regions luminance average comparison unit 315 is performed by 
using a luminance difference. It is apparent that the same effects are obtained even though a luminance 
ratio is used. 

Example 13 

35 

Figure 57 shows a thirteenth example of an automatic exposure control apparatus according to the 
present invention. The same reference numerals as those of the preceding examples are marked for the 
same components as those of the preceding examples. The same components as those of the preceding 
examples function in the same way as in the preceding examples. 

40 Hereinafter, the operation of the present example will be described. 

An image of an object is formed on the pickup element 3 through the lens 1 and the diaphragm 2, and 
is converted to an electric signal. The signal is amplified by the amplifier 4. Then, the signal is subjected to 
a y treatment while passing through the signal processing circuit 5 and is transmitted to the video signal 
output terminal 6. At this time, a diaphragm control is performed based on the signal obtained from the 

45 pickup element 3 as follows: 

An image frame luminance average calculation unit 7 calculates an average luminance Yall of an image 
frame, based on the signal from the pickup element 3. The diaphragm control unit 8 compares the average 
luminance Yall with a target luminance obtained by the target luminance calculation unit 9, and controls the 
diaphragm to be opened or closed so that the difference between the average luminance Yall and the target 

so luminance Yair is made to be 0, whereby the average luminance Yall is kept substantially equal to the 
target luminance Yall\ 

A small region luminance average calculation unit 10 calculates an average luminance in each of a 
plurality of small regions based on the signal from the pickup element 3. The luminance of each small 
region is presented by an average luminance of pixels in each small region. 
55 A distribution detection unit 145 rearranges the average luminances of the small regions in the order 
from the lowest to the highest. An average luminance in a certain range (Ni to N2) of pixel numbers is 
calculated by the following Formula (24). 
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rv(i)/(N 2 -N 1 +l) (24) 



where V is an average value of low luminance regions or an average value of high luminance regions; v(i) is 

a luminance level of the ith pixel from the lowest luminance; Ni =1, N2 = N dark when an average value of low 
70 luminance regions is calculated; and Ni =N fight) N 2 = N an = total number of pixels, when an average value of 

high luminance regions is calculated. 

A normalized luminance calculation unit 150 calculates the ratio of the average vale of low luminance 

regions to the average luminance of the image frame or a ratio of the average value of high luminance 

regions to the average luminance of the image frame. 
75 Specifically, the normalized luminance calculation unit 150 calculates a normalized average value of low 

luminance regions or a normalized average value of high luminance regions by using the following Formula 

(25). 

V nl = * V/Yall (25) 

20 

where V n1 is a normalized average value of low luminance regions or a normalized average value of high 
luminance regions; V is an average value of low luminance regions or an average value of high luminance 
regions; Yall is an average luminance of an image frame; and K* is a gain. 

A backlight or excessive frontlight degree calculation unit 130 calculates the degree of backlight or 
25 excessive frontlight by using the normalized average value of low luminance regions or the normalized 
average value of high luminance regions. For example, the degree of backlight is calculated by using the 
following Formula (26). 

U d ark- = K v *(cr- V n1 ) (26) 

30 

where U dark - = 0 when c r - V n1 < 0; U dark - is a backlight degree, K r is a gain, and c v is a constant. 

The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
(i.e., a target luminance Yall 1 ) for each vertical scanning (frame or field), based on the backlight degree or 
the excessive frontlight degree obtained by the backlight or excessive frontlight degree calculation unit 130. 

35 The diaphragm control unit 8 regulates a diaphragm so as to keep the average luminance Yall of an 
image frame substantially equal to the target luminance YalP. 

When a diaphragm is changed, a change amount of the backlight degree U dark ' obtained by using the 
normalized average value V n1 of low luminance regions is smaller than that of the backlight degree U dark 
obtained by using the average value V of low luminance regions. This reason will be described below. 

40 When a diaphragm is opened, each pixel in an image frame becomes bright, so that the average 
luminance of an image frame Yall and the average value V of low luminance regions becomes small. When 
a diaphragm is regulated in a closing direction, the average luminance of an image frame Yall and the 
average value V of low luminance regions become small. Thus, a value obtained by dividing the average 
value of low luminance regions by the average luminance of an image frame, i.e., a normalized average 

45 value of low luminance regions is not likely to be influenced by the change of the average value of low 
luminance regions due to the change of the diaphragm. For this reason, a target luminance which is not 
influenced by the state of a diaphragm can be calculated by employing the backlight degree obtained by 
using the normalized average value of low luminance regions, and one correction amount of a diaphragm is 
defined for one image. 

so The same principle as the above can be applied to the case where the excessive frontlight degree is 
calculated by using high luminance regions in an image frame. 

As described above, according to the present example, the ratio between the average luminance of an 
image frame and the average value of low luminance regions or the average value of high luminance 
regions is used for calculating a backlight degree or an excessive frontlight degree. Thus, a target 
55 luminance which is not influenced by the state of a diaphragm can be obtained and one correction amount 
of a diaphragm can be defined for one image. 

In the case where luminance of each pixel in an image frame is linearly changed along with the change 
of a diaphragm, the average value of low luminance regions or the average value of high luminance regions 
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is changed in a constant amount with respect to the change of the average luminance of an image frame. 
Therefore, The use of a ratio of the average value of low luminance regions or the average value of high 
luminance regions to the average luminance of an image frame is effective in calculating the target 
luminance. However, in an actual system, the dynamic range of a pickup element causes a saturation of a 

5 video signal corresponding to a brightness more than a predetermined level. In particular, an image in a 
backlight state or an excessive frontlight state has high contrast, where a bright region and a dark region are 
clearly divided, so that pixels in high luminance regions are likely to be saturated. In this case, luminance of 
each pixel changes with respect to the change of a diaphragm in a non-linear manner. Thus, the average 
luminance of an image frame, the average value of low luminance regions, and the average value of high 

io luminance regions change at a different rate with respect to the change of a diaphragm. Example 14 shows 
a method for coping with non-linearlity of luminance due to the saturation of a video signal. 

Example 14 

75 A method for calculating a target luminance by using a difference between the average luminance of an 
image frame and the average value of low luminance regions or the average value of high luminance 
regions will be described. According to this method, the effects of the saturation of high luminance signals 
are made as small as possible and the target luminance which does not depend on the change of a 
diaphragm is calculated. 

20 The normalized luminance calculation unit 150 as shown in Figure 57 calculates a normalized average 
value of low luminance regions or a normalized average value of high luminance regions by using the 
following Formula (27). 

When V is an average value of low luminance regions: V„2 = Kb * (Yall - V) 
25 When V is an average value of high luminance regions: V n2 = Ks * (V - Yall) (27) 

where V n2 is a normalized average value of low luminance regions or a normalized average value of high 
luminance regions; V is an average value of low luminance regions or an average value of high luminance 
regions; Yall is an average luminance of an image frame; and K& is a gain. 
30 The backlight or excessive frontlight degree calculation unit 130 calculates the degree of backlight or 
excessive frontlight by using the normalized average value of low luminance regions or the normalized 
average value of high luminance regions. For example, the backlight degree is calculated by the following 
Formula (28). 

35 IW = K r . * (V n2 - d«) (28) 

where U dark - = 0 when - c r - < 0; U d ark- is a backlight degree; K r is a gain; and ci« is a constant. 

The backlight degree obtained as described above changes less than a backlight degree conventionally 
obtained by using an average value of low luminance regions, with respect to the change of a diaphragm. 

40 The principle of this phenomenon will be described below. 

When high luminance signals are saturated, each luminance of the saturated regions becomes constant. 
As a result, the number of pixels, of which luminance increases when the diaphragm is opened, is 
decreased. Accordingly, when the diaphragm is opened so as to increase the average luminance of an 
image frame by a predetermined amount of Aa, an increase amount in unsaturated regions is also 

45 increased. Thus, when the high luminance signals are not saturated, the increase amount Aa of the average 
luminance of an image frame is larger than an increase amount Av of the average luminance of low 
luminance regions. However, when the high luminance signals are saturated, the increase amount Av may 
become the same as, or greater than the increase amount Aa. Since the change amount of the normalized 
average value of low luminance regions when the diaphragm is opened depends on the difference between 

so the change amount Av and the change amount Aa (i.e., Av - Aa). Therefore, when the respective change 
amounts are the same, i.e., Av = Aa, the normalized average value of low luminance regions hardly change 
with respect to the change of the diaphragm. 

In the case where the high luminance signals are not saturated, an image is not likely to require an 
exposure correction. Thus, a correction amount is set at a small value from the beginning. Accordingly, a 

55 target luminance is hardly influenced by the change of a diaphragm. 

As is understood from the above-mentioned description, the change of the backlight degree obtained by 
using the normalized average value of low luminance regions is smaller than that of the backlight degree 
obtained without using the normalized average value of low luminance regions. 
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Likewise, when the high luminance portions in an image frame are used for detecting the excessive 
frontlight degree, the influences of the change of a diaphragm are small. 

According to the present example, a target luminance is calculated by using the difference between the 
average luminance of an image frame and the average value of low luminance regions or the average value 
5 of high luminance regions. Thus, the target luminance which is less influenced by the change of a 
diaphragm can be calculated under the condition that high luminance signals are saturated and one 
correction amount can be defined for one image. 

Example 15 

10 

A fifteenth example of an automatic exposure control apparatus according to the present invention will 
be described. 

As described in Example 14, when the diaphragm is opened so as to increase an average luminance of 
an image frame by a predetermined amount Aa under the condition that high luminance signals are 

75 saturated, the increase amount Av of an average value of low luminance regions becomes larger than that 
of an average value of low luminance regions under the condition that high luminance signals are not 
saturated. Thus, a ratio of an average value of low luminance regions to an average luminance of an image 
frame (Y dark /Yall) under the condition that the high luminance signals are saturated becomes larger than the 
same ratio under the condition that the high luminance signals are not saturated. 

20 It is assumed that an apparent average luminance of an image frame Y n _ e)) is set so that the increase 
amount Aa' thereof becomes larger than the increase amount Av when the diaphragm is opened so as to 
increase the average luminance of an image frame by Aa In this case, a ratio of Y dork to Y n _ oM (Y dork /Y n _ ot |) 
becomes smaller than Y dark /Yall. Accordingly, a target luminance which is less influenced by the change of 
a diaphragm can be obtained under the conditions, that high luminance signals are saturated. 

25 In the case where high luminance signals are not saturated, an image is not likely to require an 
exposure correction. Thus, a correction amount is set at a small value from the beginning. Accordingly, a 
target luminance is hardly influenced by the change of a diaphragm. 

As described above, when the backlight degree is calculated, an average luminance of an image frame 
is converted into an apparent average luminance thereof, and a ratio of an average value of low luminance 

30 regions to the converted value is obtained. According to this calculation, a target luminance which is hardly 
influenced by the change of a diaphragm can be more easily obtained, compared with the case using a 
ratio of an average value of low luminance regions to an average luminance of an image frame. 

In the present example, when the average luminance of an image frame Yall is converted into the 
apparent average luminance of an image frame Y n _ aM , the apparent average luminance Y n _ a ,i is set so that 

35 the ratio of the increase amount Aa* of the apparent average luminance to the increase amount Aa becomes 
large. The target luminance is calculated by using the ratio of the average value of low luminance regions to 
the apparent average luminance of an image frame. 

More specifically, the normalized luminance calculation unit 150 calculates a normalized average value 
of low luminance regions by using the Formula (29). 

40 

V n3 = Ke * V/Y n _ all 

Y n _aii = K 7 * Yall + c* (29) 

where V n3 is a normalized average value of low luminance regions; V is an average value of low luminance 
45 regions; Yall is an average luminance of an image frame; K6, K7 are gains, and c* is a constant. 

As is understood from Formula (29), the apparent average luminance of an image frame Y n _ a n is 
calculated so that the ratio AaVAa becomes large against the change of the diaphragm, and then the ratio of 
the average value of low luminance regions to the Y n _ al! is calculated. This ratio changes less than the ratio 
of the average value of low luminance regions to Yall, due to the change of a diaphragm. 
50 The backlight or excessive frontlight degree calculation unit 130 calculates the degree of backlight 
employing the normalized average value of low luminance regions by the following Formula (30). 

U dark - = K r Mci V n3 ) (30) 

55 where U dar k- = 0 when ci- - Vn3 < 0; U dark - is a backlight degree; K r is a gain; and c r is a constant. 

According to the present example, the average luminance of an image frame is converted into the 
apparent average luminance of an image frame by the Formula (29), and the target luminance is calculated 
by using the ratio of the average value of low luminance regions to the converted value. Thus, even when 
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the high luminance signals are saturated, the target luminance which is hardly influenced by the change of 
a diaphragm can be obtained and one correction amount can be defined for one image. 

Example 16 

5 

A sixteenth example of an automatic exposure control apparatus will be described with reference to 
Figure 58. The same reference numerals as those of the preceding examples are marked for the same 
components as those of the preceding examples. The same components function in the same way as in the 
preceding examples. 

to In the present example, a backlight degree and an excessive frontlight degree are obtained in the same 

way as in Example 15. In addition, two degrees are selected according to the judgment between the 
backlight and the excessive frontlight, whereby an exposure control is performed with respect to both of the 
backlight and the excessive frontlight state. 

The calculation units 21 and 24 calculate an average value of high luminance regions V[ ( g ht and an 

75 average value of low luminance regions V dark , respectively. These calculation units 21 and 24 correspond to 
the distribution detection unit 145 of Example 13. A normalized low luminance average calculation unit 35 
and a normalized high luminance average calculation unit 36 normalize an average value of low luminance 
regions V dark and an average value of high luminance regions V, ight with an average luminance of an image 
frame Yall, respectively. The normalized low luminance average calculation unit 35 and the normalized high 

20 luminance average calculation unit 36 correspond to the normalized luminance calculation unit 150 of 
Example 13. A normalized average value of low luminance regions V n dark and a normalized average value 
of high luminance regions V n _| ight are input into the backlight degree calculation unit 20 and the excessive 
frontlight degree calculation unit 25. The calculation units 20 and 25 calculate a backlight degree U dar k and 
an excessive frontlight degree Ui igh t in the same way as in the backlight or excessive frontlight degree 

25 calculation unit 130 of Example 13. 

An image frame is divided into a upper region and a lower region, as shown in Figure 59. An 
upper/lower regions luminance average comparison unit 231 calculates an average luminance of the upper 
region and the lower region, based on the signals from the pickup element 3. Then, the upper/lower regions 
luminance average comparison unit 231 calculates a luminance difference by the following Formula (31). 

30 

Luminance difference = (Average luminance of the upper region) - (Average luminance of the lower region)- 
(31) 

Moreover, the upper/lower regions luminance average comparison unit 231 converts the luminance 
35 difference into a judgment value p within an interval [-1, 1]. The judgment value p is used to judge between 
backlight and excessive frontlight. The conversion diagram from the luminance difference to the judgment 
value p is shown in Figure 60. 

The correction amount calculation unit 28 determines a final correction amount z, employing the 
backlight degree U dar io the excessive frontlight degree Ui igh ,, and the judgment value p of the backlight and 
40 excessive frontlight by the following Formula (32). 

If p £ 0, then z = U| ight * p 

If p > 0, then z = U dar k * P (32) 

45 The target luminance calculation unit 9 sets a target value of an average luminance of an image frame 
for each vertical scanning (frame or field), by adding the correction amount z obtained by the correction 
amount calculation unit 28 to a predetermined target luminance. Specifically, the target luminance calcula- 
tion unit 9 calculates a target luminance Yair by the following Formula (33). 

so Yair = Yinit * (1 + z) (33) 

where Yinit is an initial target luminance. 

The diaphragm control unit 8 regulates a diaphragm so that the average luminance of an image frame 
Yall is kept substantially equal to the target luminance Yair. When an upper region of the image frame is 
55 brighter than a lower region thereof, the image frame is judged to be in a backlight state. Then, a correction 
is made based on the backlight degree obtained from the lower region. When the upper region of the image 
frame is darker than the lower region thereof, the image frame is judged to be in an excessive frontlight 
state. Then, a correction is made based on the excessive frontlight degree obtained from the tower region. 
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As described above, according the present example, an average value of low luminance regions and 
that of high luminance regions are converted into values which are not influenced by the change of a 
diaphragm, by using the average luminance of an image frame. The backlight and excessive frontlight 
degrees are calculated using the respective converted values. Each degree is selectively regulated, based 

5 on the luminance difference between the upper and lower regions. Thus, one target luminance can be 
defined for both of the backlight and excessive frontlight states. 

In the present example, the backlight degree is calculated from the average value of low luminance 
regions; and the excessive frontlight degree is calculated from the average value of low luminance regions 
or the average value of high luminance regions. It is also possible that a plurality of ranges of pixel numbers 

w are selected as shown in Figure 61, and average luminances of the respective ranges are integrated by 
fuzzy inference or a linear multiple function, whereby the backlight and excessive frontlight degrees are 
obtained. Thus, it is apparent that the same effects can be obtained even in the following case: A plurality of 
average luminances are converted so as not to be influenced by the change of a diaphragm and integrated 
by fuzzy inference or a linear multiple function, whereby the backlight and excessive frontlight degrees are 

75 obtained. 

In the present example, an exposure correction using a diaphragm is described. However, It is apparent 
that an exposure correction in accordance with calculated backlight and excessive frontlight degrees can be 
achieved similarly by correcting a gain of a -y correction circuit and a gain of an AGC circuit in the signal 
processing circuit. 

20 In the present example, the judgment between the backlight and the excessive frontlight is made by 
using the luminance difference between the upper and lower regions. The judgment can also be made by 
using the luminance ratio therebetween. 

According to the present invention, an image frame is divided into small regions, and the degree of 
backlight under an automatic exposure control can quantitatively be obtained from low luminance regions in 

25 the image frame. In addition, the judgment between the backlight and the excessive frontlight is made 
based on the luminance ratio between upper and lower regions, and the correction amount of a diaphragm 
can be regulated. Thus, an automatic exposure control apparatus which can appropriately change the 
control levet of a diaphragm in accordance with an image state can be provided. 

Moreover, the automatic exposure control apparatus according to the present invention includes a 

so calculation unit for calculating a luminance difference between first and second regions. Because of this, no 
misjudgments are made with respect to an excessive frontlight image where an object moves up and down; 
a backlight image where an object moves from side to side; a backlight image where a dark substance gets 
in and out of one side of the image frame; and a backlight image where a bright substance gets in and out 
of one side of the image frame. Furthermore, the automatic exposure control apparatus according to the 

35 p resen t invention includes a first judgment unit for judging between the backlight and the excessive 
frontlight by the average luminance comparison results of the first and second regions; and a second 
judgment unit for judging between the backlight and the excessive frontlight by a luminance ratio between 
the upper and lower regions. Because of this, no misjudgments are made with respect to an excessive 
frontlight image in which an object moves up and down; a backlight image where an object moves from side 

40 to side; a backlight image where a dark substance gets in and out of one side of the image frame; and a 
backlight image where a bright substance gets in and out of one side of the image frame. Thus, it is 
practically effective to apply the apparatus of the present invention to a video camera or the like which is 
under the condition that an object is moving and where the above-mentioned states are likely to be 
generated. 

45 Furthermore, the automatic exposure control apparatus according to the present invention includes a 
correlation value calculation unit for calculating the correlation value of an average luminance of each small 
region normalized with an average luminance of an image frame and a predetermined luminance distribu- 
tion. Because of this, an excessive frontlight image where the central region of an image frame is bright is 
recognized, avoiding misjudgments. An appropriate exposure control can be performed with respect to an 

so excessive frontlight image where the central region of the image frame is bright, a backlight image where an 
object moves from side to side, and an excessive frontlight image where an object moves up and down. It is 
practically effective to apply the apparatus of the present invention to a video camera where an excessive 
frontlight state is generated when photographing in front of a window and where an object moves. 

Furthermore, according to the present invention, the judgment between the indoors and the outdoors is 

55 made with respect to an image having a bright right half and a dark left half. When the luminance of the 
upper region is lower than that of the lower region indoors, it is judged to be in an excessive frontlight state. 
When the luminance of the upper region is higher than that of the lower region outdoors, it is judged to be 
in a backlight state. Because of this, no misjudgment is made with respect to the image and an appropriate 
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exposure control can be performed. It is practically effective to apply the exposure control apparatus of the 
present invention to a video camera or the like which will be used indoors and outdoors. 

Furthermore, according to the present invention, an average value of low luminance regions or high 
luminance regions is converted with an average luminance of an image frame into a value which is hardly 

5 influenced by the change of a diaphragm. A target value is calculated by using the converted value, 
whereby the target value corresponding to each image is obtained and a diaphragm control appropriate for 
the contents of an image is made possible. In addition, according to the present invention, one target 
luminance is determined with respect to each image, so that it is not required to consider the change of a 
correction amount due to the change of a diaphragm, making it easy to regulate a correction amount 

10 defined by a backlight and excessive frontlight degree calculation unit. Moreover, the change of the target 
luminance caused by the change of a diaphragm, which has been the conventional problem, is decreased, 
making possible a stable diaphragm control. 

Various other modifications will be apparent to and can be readily made by those skilled in the art 
without departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of 

75 the claims appended hereto be limited to the description as set forth herein, but rather that the claims be 
broadly construed. 

Claims 

20 1. An automatic exposure control apparatus comprising: 

image frame luminance calculation means for calculating an average luminance of an image frame; 
region luminance calculation means for calculating average luminances of a plurality of regions, 
said plurality of regions constituting said image frame; 

select region luminance calculation means for arranging said average luminances obtained by said 
25 region luminance calculation means in the luminance order, for selecting at least one of said plurality of 
regions according to said luminance order, and for calculating an average luminance of said selected 
regions; 

backlight degree calculation means for calculating a value representing a backlight degree based 
on said average luminance obtained by said select region luminance calculation means; 
30 target luminance calculation means for calculating a target average luminance for an exposure 

correction based on said value; and 

exposure correction means for correcting an exposure so that said average luminance obtained by 
said image frame luminance calculation means is kept substantially equal to said target average 
luminance. 

35 

2. The automatic exposure control apparatus according to claim 1, wherein said select region luminance 
calculation means selects the predetermined number of regions having low average luminances of said 
plurality of regions. 

40 3. The automatic exposure control apparatus according to claim 1, wherein said value representing said 
backlight degree is calculated by u = k'(c1 - V), where u, k, cl and V represent said value, a gain, a 
constant and said average luminance obtained by said select region luminance calculation means, 
respectively, and if cl - V < 0 then u = 0. 

45 4. The automatic exposure control apparatus according to claim 1, wherein 

said select region luminance calculation means arranges said average luminances obtained by said 
region luminance calculation means in the luminance order, groups said plurality of regions into a 
plurality of sets according to said luminance order, and calculates an average luminance of each set of 
said plurality of sets; 

so said backlight degree calculation means calculates a value representing a backlight degree based 

on said average luminance of each set of said plurality of sets. 

5. The automatic exposure control apparatus according to claim 1 , wherein said value representing said 
backlight degree is calculated according to the rules of the fuzzy inference. 

55 

6. The automatic exposure control apparatus according to claim 1 , wherein said value representing said 
backlight degree is calculated according to a linear multiple function. 
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7. An automatic exposure control apparatus comprising: 

state judgment means for judging whether an image frame is in a backlight state or in an excessive 
frontlight state; 

image frame luminance calculation means for calculating an average luminance of said image 
5 frame; 

region luminance calculation means for calculating average luminances of a plurality of regions, 
said plurality of regions constituting said image frame; 

first select region luminance calculation means for arranging said average luminances obtained by 
said region luminance calculation means in the luminance order, for selecting at least one of said 
w plurality of regions according to said luminance order, and for calculating an average luminance of said 

selected regions; 

second select region luminance calculation means for arranging said average luminances obtained 
by said region luminance calculation means in the luminance order, for selecting at least another one of 
said plurality of regions according to said luminance order, and for calculating an average luminance of 
75 said selected regions; 

backlight degree calculation means for calculating a first value representing a backlight degree 
based on said average luminance obtained by said first select region luminance calculation means; 

excessive frontlight degree calculation means for calculating a second value representing an 
excessive frontlight degree based on said average luminance obtained by said second select region 
20 luminance calculation means; 

correction amount determination means for determining a correction amount based on the judg- 
ment result by said state judgment means, said first value and said second value; 

target luminance calculation means for calculating a target average luminance for an exposure 
correction based on said correction amount; and 
25 exposure correction means for correcting an exposure so that said average luminance obtained by 

said image frame luminance calculation means is kept substantially equal to said target average 
luminance. 

8. The automatic exposure control apparatus according to claim 7, wherein said image frame includes an 
30 upper region and a lower region, said state judgment means compares an average luminance of said 

upper region with an average luminance of said lower region, and judges whether said image frame is 
in a backlight state or in an excessive frontlight state based on the result of comparison. 

9. The automatic exposure control apparatus according to claim 7, wherein said first select region 
35 luminance calculation means selects the predetermined number of regions having low average 

luminances of said plurality of regions. 

10. The automatic exposure control apparatus according to claim 7, wherein said second select region 
luminance calculation means selects the predetermined number of regions having high average 

40 luminances of said plurality of regions. 

11. The automatic exposure control apparatus according to claim 7, wherein said second select region 
luminance calculation means selects the predetermined number of regions having low average 
luminances of said plurality of regions. 

45 

12. The automatic exposure control apparatus according to claim 7, wherein said image frame includes a 
lower central region, an upper region, a left region and a right region; 

said state judgment means compares an average luminance of a first region with an average 
luminance of a second region and judges whether said image frame is in a backlight state or in an 
so excessive frontlight state based on the result of comparison; 

where, said first region is a combination of said upper region with one of said left region and said 
right region, which has a lower average luminance than the other, and said second region is a 
combination of said lower central region with one of said left region and said right region, which has a 
higher average luminance than the other. 

55 

13. The automatic exposure control apparatus according to claim 12, wherein the sum of the vertical length 
of said left region and the vertical length of said upper region is smaller than the vertical length of said 
image frame, and the sum of a vertical length of said right region and said vertical length of said upper 
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region is smaller than said vertical length of said image frame. 

14. The automatic exposure control apparatus according to claim 7, wherein said image frame includes a 
first upper region and a lower region; 

5 said image frame also includes a lower central region, a second upper region, a left region and a 

right region; 

said state judgment means includes: 

(a) first/second region comparison means for comparing an average luminance of a first region with 
an average luminance of a second region and for generating a first judgment value indicating the 

w result of comparison, 

(b) upper/lower region comparison means for comparing an average luminance of said first upper 
region with an average luminance of said lower region and for generating a second judgment value 
indicating the result of comparison, and 

(c) judgment means for judging whether said image frame is in a backlight state or in an excessive 
75 frontlight state based on said first judgment value and said second judgment value; 

where, said first region is a combination of said second upper region with one of said left region 
and said right region, which has a lower average luminance than the other, and said second region is a 
combination of said lower central region with one of said left region and said right region, which has a 
higher average luminance than the other. 

20 

15. The automatic exposure control apparatus according to claim 7, wherein said image frame includes a 
lower central region, an upper region, a left region and a right region; 

said state judgment means includes: 

(a) first/second region comparison means for comparing an average luminance of a first region with 
25 an average luminance of a second region and for generating a judgment value indicating the result 

of comparison, 

(b) correlation calculation means for calculating a correlation value representing a correlation 
relationship between the distribution of said average luminances obtained by region luminance 
calculation means and a predetermined distribution of luminances, and 

3 0 ( C ) judgment means for judging whether said image frame is in a backlight state or in an excessive 

frontlight state based on said judgment value and said correlation value; 
where, said first region is a combination of said upper region with one of said left region and said 
right region, which has a higher average luminance than the other, and said second region is a 
combination of said lower central region with one of said left region and said right region, which has a 
35 lower average luminance than the other. 

16. The automatic exposure control apparatus according to claim 7, wherein said image frame includes a 
central region and a peripheral region; 

said image frame also includes a lower central region, an upper region, a left region and a right 
40 region; 

said state judgment means includes: 
(a) first/second region comparison means for comparing an average luminance of a first region with 
an average luminance of a second region and for generating a first judgment value indicating the 
result of comparison, 

45 (b) central region comparison means for comparing an average luminance of said central region with 

an average luminance of said image frame and for generating a second judgment value indicating 
the result of comparison, 

(c) correction means for correcting said first judgment value based on said second judgment value, 
and 

50 (d) judgment means for judging whether said image frame is in a backlight state or in an excessive 

frontlight state based on said corrected first judgment value; 
where, said first region is a combination of said upper region with one of said left region and said 
right region, which has a higher average luminance than the other, and said second region is a 
combination of said lower central region with one of said left region and said right region, which has a 
55 lower average luminance than the other. 

17. The automatic exposure control apparatus according to claim 7, wherein said image frame includes a 
first upper region and a lower region; 
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said image frame also includes a lower central region, a second upper region, a left region and a 
right region; 

said automatic exposure control apparatus further includes indoor/outdoor judgment means for 
judging whether indoors or outdoors; 
5 said state judgment means includes: 

(a) first/second region comparison means for comparing an average luminance of a first region with 
an average luminance of a second region and for generating a first judgment value indicating the 
result of comparison, 

(b) upper/lower region comparison means for comparing an average luminance of said first upper 
io region with an average luminance of said lower region and for generating a second judgment value 

indicating the result of comparison, 

(c) select means for selecting one of said first judgment value and said second judgment value 
according to the result of judgment by said indoor/outdoor judgment means, and 

(d) judgment means for judging whether said image frame is in a backlight state or in an excessive 
75 frontlight state based on said selected judgment value; 

where, said first region is a combination of said second upper region with one of said left region 
and said right region, which has a higher average luminance than the other, and said second region is a 
combination of said lower central region with one of said left region and said right region, which has a 
lower average luminance than the other. 

20 

18. The automatic exposure control apparatus according to claim 17, wherein said indoor/outdoor judgment 
means includes: 

(a) detecting means for detecting infrared rays, 

(b) conversion means for converting said detected infrared rays into an electric signal, and 
25 (c) judgment means for judging whether indoors or outdoors based on said electric signal. 

19. The automatic exposure control apparatus according to claim 17, wherein said indoor/outdoor judgment 
means includes: 

(a) dividing means for dividing said average luminance obtained by said image frame luminance 
30 calculation means by a diaphragm value, 

(b) judgment means for judging whether indoors or outdoors based on the result of division by said 
dividing means. 

20. The automatic exposure control apparatus according to claim 17, wherein said indoor/outdoor judgment 
35 means includes: 

(a) detecting means for detecting a color temperature, 

(b) conversion means for converting said color temperature into an electric signal, and 

(c) judgment means for judging whether indoors or outdoors based on said electric signal. 

40 21. The automatic exposure control apparatus according to claim 17, wherein said indoor/outdoor judgment 
means includes: 

(a) first calculation means for calculating an average of a color difference of said image frame, 

(b) second calculation means for calculating a color temperature based on said average of said color 
difference, 

45 (c) conversion means for converting said color temperature into an electric signal, and 

(d) judgment means for judging whether indoors or outdoors based on said electric signal. 

22. The automatic exposure control apparatus according to claim 1, wherein said backlight degree 
calculation means includes: 

50 (a) normalization means for normalizing said average luminance obtained by said select region 

luminance calculation means, and 

(b) calculation means for calculating said value representing said backlight degree based on said 
normalized average luminance. 

55 23. The automatic exposure control apparatus according to claim 7, wherein said backlight degree 
calculation means includes: 

(a) normalization means for normalizing said average luminance obtained by said first select region 
luminance calculation means, and 
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(b) calculation means for calculating said first value representing said backlight degree based on 
said normalized average luminance; 
said excessive frontlight degree calculation means includes: 

(a) normalization means for normalizing said average luminance obtained by said second select 
s region luminance calculation means, and 

(b) calculation means for calculating said second value representing said excessive frontlight degree 
based on said normalized average luminance. 

24. The automatic exposure control apparatus according to claim 7, wherein 

1Q said select region luminance calculation means arranges said average luminances obtained by said 

region luminance calculation means in the luminance order, groups said plurality of regions into a 
plurality of sets according to said luminance order, and calculates an average luminance of each set of 
said plurality of sets; 

said backlight degree calculation means calculates a value representing a backlight degree based 
is on said average luminance of each set of said plurality of sets. 

25. The automatic exposure control apparatus according to claim 7, wherein said value representing said 
backlight degree is calculated according to the rules of the fuzzy inference. 

20 26. The automatic exposure control apparatus according to claim 7, wherein said value representing said 
backlight degree is calculated according to a linear multiple function. 
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